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ABSTRACT 
The purpose of this study was to examine the effectiveness of a physics 
professional development program on secondary science teachers' conceptual knowledge 
of Newtonian mechanics, instructional practices and the conceptual growth of their 
students. The University of Northern Iowa Physics Institute enabled a group of twenty-
one Iowa high school and middle school science teachers to complete the physics 
coursework required to obtain the State oflowa 7-12 Grade Physics Teaching 
endorsement. The Institute provided experiences to improve physics content knowledge 
and proficiency of constructivist methodologies for teaching high school physics. 
Twelve Institute participants completed a two-year program during the 2002 and 
2003 summers, and nine completed one of the two years. Background information, pre-
test and post-test physics conceptual assessments and other data were collected from 
participants throughout the Institute. Participants collected pre and posHest conceptual 
assessment data from their students during the 2002-2003 and 2003-2004 academic years. 
Initial and final conceptual assessments and two years of student assessment data 
revealed the Institute's influence on participants' and students' conceptual understanding 
of Newtonian Mechanics. 
Participants' previous physics and mathematics education correlated with learning 
and their continued conceptual understanding. The results show that participants who 
had completed at least six physics semester hours prior to the UNI-PI were most 
successful, therefore indicating physics background is necessary for participants involved 
in a future PI structured similar in content and focus as the UNI-PI. Participants' journal 
reflection notes and instructional surveys revealed instructional practice improvements 
due to the Institute. 
Results indicated the Institute positively affected the majority of participants' 
physics conceptual understanding of Newtonian mechanics and instructional practices. 
Although limitations and confounding factors prevented a thorough evaluation of the 
UNI Physics Institute's affect upon participants' students' conceptual knowledge, 
participants' students performed at levels suggesting greater knowledge gain compared to 
test results published in the literature. Overall, the UNI-Pi indicated a positive benefit 
and this investigation provided suggestions for future improvements to the program. 
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CHAPTER 1 
INTRODUCTION 
1 
Continuous improvement is a recognized goal and the teaching profession has 
always pursued advances designed to enhance student performance. The University of 
Northern Iowa (UNI) Physics Department in collaboration with UNI Science Education 
faculty conducted a professional development program, the UNI Physics Institute (UNI-
PI), beginning the summer of2002 and ending the summer of2003 to assist high school 
science teachers in attaining a State of Iowa (7-12) physics endorsement. The UNI 
Physics Institute was funded by the U.S. Department of Education as part of the UNI 
Science and Mathematics Education Renewal Center project. To evaluate the Physics 
Institute's effectiveness on teacher participants' conceptual understanding of Newtonian 
mechanics, their instructional practices and the conceptual development growth of their 
students, assessments were administered to the participants during UNI-PI summer 
sessions and to their students in subsequent academic years. Analysis and interpretation 
of these assessments provide most of the data for this investigation. The aim of this study 
is to investigate the effect of the UNI-Pl as a professional development program on high 
school science teachers' conceptual understanding ofNewtonian mechanics, their 
instructional practices, and the conceptual growth of their students. 
Statement of Problem 
This study investigated the influence of the University of Northern Iowa Physics 
Institute on participants' conceptual understanding and instructional practices in the 
subject area of physics. The study also compared participants' conceptual understanding 
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with their previous physics background and prior teaching experience. The effect of the 
UNI-PI on participants' teaching practices was also investigated. In addition, this study 
evaluated the UNI-PI influence on the participants' students' conceptual understanding of 
physics as measured by pre- and post-test assessments. 
Null Hypotheses 
The null hypotheses of the study are the following: 
1. The UNI-PI had no effect upon the participants' conceptual understanding 
as measured by conceptual assessments. 
2. The UNI-PI had no effect upon the participants' students' conceptual 
understanding as measured by the FCI and TUG-K. 
3. The participants' students achieved no greater conceptual understanding 
after the second year of the UNI-PI than the first. 
4. The UNI-PI had no effect on participants' self-reported instructional 
practices as collected by the Self Reporting Instructional Practices 
Questionnaire (SRIPQ) and Participant Reflection Journals. 
5. The participants' prior physics background and physics teaching 
experience were not related to their conceptual understanding. 
3 
Instruments 
Many instruments were used in this study. An application form was given to the 
UNI-PI participants at the beginning of the program to gather data on the participants' 
names, school location, length of teaching experience, and educational experience. The 
FCI (Halloun et al., 1995) and TUG-K (Beichner, 1994) were given as pre- and post-tests 
during the 2002 summer session for the participants and as pre- and post-tests during the 
2002-2003 and 2003-2004 school years for the participants' students. The participants' 
journals kept during the two UNI-PI summer sessions and 2002-2003 school year were 
used to evaluate how the participants were integrating new conceptual understanding and 
instructional methods during the professional development experience and how these 
techniques were applied in their physics classes. 
This study is focused on the participants and their students' conceptual 
development of Newtonian mechanics, so only FCI and TUG-K conceptual assessment 
scores were analyzed for this investigation. Finally, the FMCE (Thornton & Sokoloff, 
1998) was given as a final post-test to four volunteer participants who were part of the 
Institute and who agreed to be a part of this study. The four volunteer participants were 
asked to participate in this study because they had been involved in both years of the 
UNI-PI and had also submitted student data both years. These same four volunteer 
participants completed a questionnaire concerning instructional practices (the SRIPQ) to 
investigate how the UNI-PI influenced their teaching. The SRIPQ collected data 
regarding participant information and self-reporting participant instructional techniques 
and beliefs before and after the UNI-PL 
Assumptions 
Participants' attitudes and behaviors toward instructional practices and their 
students' attitudes and behaviors toward learning physics were assumed similar to 
physics teachers and students in school districts of similar demographics. The UNI-PI 
was a non-mandatory special program requiring admittance, therefore participants were 
assumed motivated to learn physics and instructional strategies in order to improve their 
teaching. Further, physics is an elective course so students enrolled in high school 
physics courses were assumed motivated to learn physics. 
4 
All students surveyed were in a general, introductory or honors physics class, and 
were assumed to have had no formal instruction of Newtonian Mechanics or kinematics 
graphs in math classes taken before enrolling in physics class. Some of the classes 
surveyed required various math classes for their physics students, but topics covered in 
those previous classes were unknown. If Newtonian mechanics or kinematics graphs 
were covered, the likely approach was as an extra-credit option or an "application" 
section of the text (Brown, Dolciani, Sorgenfrey & Kane, 1994, pp. 424, 672). 
The conceptual assessments (FCI, TUG-K, and FMCE) were assumed to be 
reliable instruments for measuring conceptual understanding of their intended topic. The 
developed self-reporting questionnaire was assumed to be an effective means to collect 
information about teaching practices. 
5 
Limitations 
This study was limited in scope, covering only a select group of physics teachers 
as participants from the State of Iowa. Although a total of 12 teachers participated in the 
full two-year Institute and taught high school physics classes, only five submitted pre-
and post-test conceptual assessments for their physics students for both years. The study 
would have been more effective had a greater number of teachers participated and 
submitted student results. 
Each class was located in a different school, class size differed, and course 
content differed. Hence, the instructions that physics students received were not 
equivalent in many aspects. 
Other limitations included the method of student testing. Pre- and post-test 
conceptual assessment results for the FCI and TUG-K were acquired by request for each 
participant's physics class for the school years 2002 and 2003. The participants were 
asked to give the pre-tests to students before instruction of Newtonian mechanics or 
kinematics graphs and the post-tests shortly after completing instruction, such as near the 
end of a semester or school year. However, participant journals indicated differences in 
the duration between pre- and post-tests, thus all students may not have received the same 
amount of instruction prior to taking the post-test. Further, the participants were allowed 
to choose whether or not to give incentives for taking the test. Hence, students may have 
experienced different motivational factors for taking the exam. 
The information provided by the teachers on instructional practices was self-
reporting and therefore also limiting. Data was not collected directly through observation 
of the teachers or from the students. In addition, the data collected from the four 
volunteer participants was limiting due to the small sample size. These four participants 
were likely to be highly motivated and though useful information was yielded from their 
data, they may not be a representative sample of the whole participant population. 
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The heterogeneity of the participants was also limiting. The teaching experience 
and physics course background of the participants varied greatly so the instruction of the 
UNI-PI is unlikely to have affected each participant in the same way. New teaching 
methods are unlikely to be implemented the same in each participant's classroom. In 
addition, although all participants taught in an Iowa school, the school population ranged 
from 100 - 1400 students, the student-to-teacher ratio from 8.8 - 17.6, percentage of 
minority students from 0.0 - 9 .2, and the percentage of students eligible for free or 
reduced lunch from 10.6 - 28.3 (National Center for Education Statistics, 2004). 
Definition of Terms 
Each discipline generally has a common language that contains specialized terms. 
For the purpose of this study, the following terms in the discipline of science education 
were assigned these operational definitions: 
Average normalized gain <g> for a course is identified by Hake (1998a) as the 
ratio of the actual average gain <G> to the maximum possible average gain: 
<g> =: ¾<G> / ¾<G>max = (%<Sr> - %<Si>)/( 100 - %<Si>) 
Where <Sr> and <Si> are the final (post) and initial (pre) class averages, 
respectively. In this study, gain values are classified as: 
a) High-g courses as those with (<g>) ~ 0.7 
b) Medium-g courses as those with 0.7 > (<g>) 2': 0.3 
c) Low-g courses as those with (<g>) < 0.3. 
Hake (1998a) describes the normalized average gain <g> as an approximate measure of 
the effectiveness of a course that emphasizes conceptual understanding. 
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Computer-based or calculator-based laboratory tools are tools/devices designed to 
integrate computers and/or calculators with essential science content. Force probes and 
motion detectors are two examples. 
Conceptual assessments are designed to measure conceptual understanding of a 
particular topic, such as Newtonian mechanics. 
Conceptual understanding is understanding a concept without the use of 
mathematics or scientific language. 
Constructivism is a theory of learning where "individuals build their knowledge 
by making connections to existing knowledge; they use this knowledge by productively 
creating a response to the information they receive" (Redish, 2003, p. 30). 
Interactive Engagement courses are "those reported by instructors to make 
substantial use oflE methods" (Hake, 1998a, p.65). 
Interactive Engagement (IE) techniques are those "designed at least in part to 
promote conceptual understanding through interactive engagement of students in heads-
on (always) and hands-on (usually) activities, which yield immediate feedback through 
discussion with peers and/or instructors, all as judged by their literature descriptions" 
(Hake, 1998a, p.65). 
The Learning Cycle is a model of learning for science instruction. A basic 
learning cycle involves three phases: exploration, concept introduction or concept 
development, and concept application (Karplus, 1977). 
Medium IE is a midpoint between traditional and IE. This definition is used to 
provide a midpoint between IE and Traditional methods and materials in the SRIPQ 
responses. 
Misconceptions are also called commonsense conceptions, commonsense beliefs, 
naYve conceptions, alternative conceptions, protoconcepts, conceptual primitives, or 
8 
preconceptions. They are "reasonable hypotheses grounded in everyday experience" that 
are "incompatible with Newtonian concepts in most respects" (Hestenes, Wells & 
Swackhamer, 1992, p. 141 ). Alternately, they are defined as those conceptions students 
hold that "contain inappropriate generalizations, conflations of distinct concepts ... or 
separations of situations that should be treated uniformly" (Redish, 2003, p.26). 
The Modeling Cycle (Hestenes, 1987; Wells, Hestenes & Swackhamer, 1995) is a 
method of physics instruction designed to teach the essentials of physics effectively. 
Out-of-field instructors are teachers who are teaching a subject they are not 
currently endorsed to teach. 
Scientific inquiry is defined by the National Research Council (1996) as: 
A multifaceted activity that involves making observations; posing questions; 
examining books and other sources of information to see what is already known; 
planning investigations; reviewing what is already known in light of experimental 
evidence; using tools to gather, analyze, and interpret data; proposing answers, 
explanations, and predictions; and communicating the results. Inquiry requires 
identification of assumptions, use of critical and logical thinking, and 
consideration of alternative explanations (National Research Council, 1996, p. 
23). 
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Socratic questioning is a method of questioning to explore student understanding. 
Traditional methods of instruction (T) courses are those reported by instructors 
and their students to make little or no use of IE methods, relying primarily on passive-
student lectures, recipe labs, and algorithmic-problem exams. See Tables Fl, F2, F3 and 
F4 (in Appendix F) for a list of instructional methods, materials, and beliefs that are 
classified as traditional (adapted from a survey form created by Hake (1997)). 
White boarding is an instructional technique often used in conjunction with the 
modeling cycle. Students are provided with "white boards" that can be written on with 
dry-erase markers. Used in a variety of ways, the white boards give students a platform 
to explain their understanding and problem solving in a method that can be clearly 
presented to their peers and the class. 
Significance 
The need for secondary level physics teachers in the United States is great. Many 
states are implementing quick certification in areas of need, such as physics. Therefore, 
understanding teachers' educational practices, conceptual competency, and effectiveness 
as instructors is important. Research indicates instructors who are competent in their 
understanding of physics concepts and teach in an IE-type style more effectively help 
their students understand physics concepts (Hake, 1998a; Hestenes et al., 1992). Since 
the need for improved physics education is recognized and future physics institutes or 
similar programs are important, striving for continuous improvement of these programs 
by discovering factors that produce successful physics instructors 'is essential. 
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Furthermore, the effect of special programs on the practices of out-of-field 
instructors going into physics education is expected to benefit from further investigation 
such as this one. The objective of this study is to examine how the conceptual 
understanding, instructional practices and beliefs of out-of-field teachers change after the 
influence of a professional development program. This study is also important because 
the relationship between physics teachers' conceptual understanding and that of their 
students' will likely improve understanding of this relationship. A more comprehensive 
understanding of teacher/student interaction is vital to guide future educational programs 
for new physics teachers or out of field teachers who are learning physics. Further, this 
study examines participant conceptual understanding and instructional practices 
I 
immediately following the professional development experience and beyond. 
Finally, this information would be useful for future high school physics 
professional development programs that are concerned with the factors that produce 
successful physics instructors with strong content knowledge who utilize research-based 
instructional methods. Today's rapid development of science, much of which is based on 
physics concepts, requires continued education for physics teachers and programs such as 
the UNI Physics Institute. 
CHAPTER2 
REVIEW OF LITERATURE 
11 
The objective of this study was to investigate the effect of the UNI-PI as a 
professional development program upon high school physics teachers' conceptual 
understanding of Newtonian mechanics, their instructional practices, and the conceptual 
growth of their students. A complete investigation of this study requires a literature 
review of the conceptual understanding of physics ideas, misconceptions in physics, 
physics conceptual assessments, methods of physics instruction, and professional 
development. 
Conceptual Understanding of Physics Ideas 
Educational research in the past forty years has been revolutionized with 
discoveries about the human mind and how it works (Bransford, Brown & Cockney, 
1999). Specifically in the field of physics education, educators in the past twenty years 
have started to focus on how physics students learn and what hinders their learning. 
Research has led investigators to study how misconceptions arise and how instruction 
may be made more effective. Researchers found that students came into the classroom 
with beliefs and their own explanations about how the world works based on their own 
personal experiences (Clement, 1982; Gunstone, 1987; Hake, 1987; Halloun & Hestenes, 
1985a; Halloun & Hestenes, 1985b; McDermott, 1984; Trowbridge & McDermott, 1980; 
Trowbridge & McDermott, 1981). They also found these beliefs to be very robust and 
difficult to change with conventional physics instruction (Clement, 1982; Halloun & 
Hestenes, 1985a; McDermott, 1984). The National Science Education Standards 
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(National Research Council, 1996) recommend high school students should have an 
understanding ofNewtonian mechanics concepts. Clearly, student understanding of force 
and motion concepts is essential to their success in physics. Halloun and Hestenes 
(1985a) state, "if such misconceptions <in Newtonian mechanics> are not corrected early 
in the course, the student will not only fail to understand much of the material, but worse, 
he is likely to dress up his misconceptions in scientific jargon, giving the false impression 
that he has learned something about science" (p. 1048). 
Misconceptions 
Misconceptions are contrary to accepted scientific understandings and are 
referred to in research literature by a variety of terms including commonsense beliefs, 
alternative conceptions, or preconceptions. Concerns about student misconceptions 
resulted from discrepancies between student success in class and their actual 
understanding (revealed by interviews or assessments) of the physics concepts 
(McDermott, 1984; Trowbridge & McDermott, 1980; Trowbridge & McDermott, 1981 ). 
For example, a student performing well on an exam but unable to apply the same physics 
concepts to a real situation demonstrates this type of inconsistency. Instructors and 
researchers began to seek understanding of preconceived notions of the physics student. 
This led to the discovery that students held beliefs that were contrary to Newtonian 
physics and other scientific ideas, and that these beliefs hindered the students from 
learning physics. 
Misconceptions students hold about the world should not be viewed simplistically 
or with disdain, for these beliefs are not only common to today's physics student, but also 
13 
to ancient scientists such as Aristotle and Galileo (Halloun & Hestenes, 1985b). They are 
indeed "alternative hypotheses" that have been tested by students' personal experience 
but should be evaluated by true scientific procedures (Halloun & Hestenes, 1985b ). 
Due to the numerous experiences students have with this world, they have a large 
collection of data on which to base their alternative hypotheses. The large collection of 
data, combined with incomplete understanding of Newtonian Mechanics results in 
misconceptions that are deeply ingrained and difficult to change (Clement, 1982; Halloun 
& Hestenes, 1985a; Halloun & Hestenes, 1985b; Maloney, 1990; Trowbridge & 
McDermott, 1980; Trowbridge & McDermott, 1981 ). Understanding how these 
"alternative hypotheses" are formed in students' minds is necessary if physics teachers 
expect to replace these ideas with accurate concepts. 
Misconceptions tend to occur when students' observations of everyday experience 
do not agree with Newtonian mechanics. For example, proper physics decrees that 
everything falls to the Earth at the same acceleration (apart from air resistance). Most 
students have observed the opposite phenomenon, that objects fall to the Earth at different 
rates based on their composition, weight, or shape. The key is "apart from air 
resistance," which is a force that is important for a falling leaf but immaterial for a falling 
rock. When students observe falling objects, they often consider gravity as the only 
force, which is true only for certain object types. 
A considerable body of research has been conducted primarily to define and 
categorize student misconceptions in Newtonian mechanics. Hestenes et al. (1992) have 
discovered physics misconceptions that fall into six categories that agree and complement 
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past research in this area (see Appendix C, Table C2; Clement, 1982; Halloun & 
Hestenes, 1985b; Trowbridge & McDermott, 1980; Trowbridge & McDermott, 1981 ). 
These misconceptions coincide with six physics principles which are: (1) kinematics, (2) 
Newton's first law, (3) Newton's second law, (4) Newton's third law, (5) the 
superposition principle, and (6) kinds of force (Hestenes et al., 1992). 
First concerning kinematics, research has shown that students often have 
difficulty discriminating position and velocity (Halloun & Hestenes, 1985b; Hestenes et 
al., 1992; Trowbridge & McDermott, 1980). For example, Trowbridge and McDermott 
(1980) demonstrated students' response to an example with two balls traveling at 
different velocities; often students would correlate relative position (being ahead or 
behind) with velocity (faster or slower, respectively). Furthermore, students often have 
difficulty discriminating between velocity and acceleration (Halloun & Hestenes, 1985b; 
Hestenes et al., 1992; Trowbridge & McDermott, 1981) and nonvectorial velocity 
composition (Hestenes et al., 1992). 
Second, the misconceptions students experience related to Newton's first law are 
expressed by the concept of an "impetus force." Newton's first law states that a body 
remains at rest or in uniform motion in a straight line unless acted upon by a net outside 
force. In contrast, Hestenes et al. (1992) describes the erroneous understanding of 
Newton's first law as the impetus force or an "inanimate 'motive power' or 'intrinsic 
force' that keeps things moving" (p.143). This is in direct contradiction to Newton's first 
law and student misunderstandings concerning the "impetus force" imply that students 
have an incorrect understanding of Newton's first law. Several researchers have 
documented student misconceptions concerning impetus forces (see Appendix C, Table 
C2; Clement, 1982; Halloun & Hestenes, 1985b, Hestenes et al., 1992). 
Before Isaac Newton or Galileo's studies of motion, most scientists throughout 
history believed the erroneous concept of "impetus." In the 14th century Jean Buridan 
actually described an "impetus" theory of motion: 
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A mover, while moving a body, impresses on it a certain impetus, a certain power 
capable of moving this body in the direction in which the mover set it going, 
whether upwards, downwards, sideways or in a circle. By the same amount that 
the mover moves the same body swiftly, by that amount is the impetus that is 
impressed on it powerful. It is by this impetus that the stone is moved after the 
thrower ceases to move it; but because of the resistance of the air and the gravity 
of the stone, which inclines it to move in a direction opposite to that towards 
which the impetus tends to move it, this impetus is continually weakened. 
Therefore the movement of the stone will become continually slower, and at 
length, the impetus is so diminished or destroyed that the gravity of the stone 
prevails over it and moves the stone down towards its natural place (Halloun & 
Hestenes, 1985b, p. l 057). 
Therefore, unlike Newton's first law, the false impetus force requires an outside 
force for starting or continuing motion. Buridan's language in his definition of this 
misleading force suggests it resulted from his everyday experiences with friction and air 
resistance. Students today encounter a very similar world to the thinkers and natural 
philosophers of the past, therefore, misunderstandings of today's students who struggle 
with this concept is not surprising. 
Third, regarding Newton's second law, students have misconceptions about a 
concept Hestenes et al. ( 1992) defined as "active force." The active force is similar to the 
impetus force except that an active force is caused by an "active agent" which has "the 
power to cause motion - to create impetus and transfer it to other objects, as when a boy 
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throws a ball" (Hes ten es et al., 1992, p.143 ). These terms, "active force," "active agent" 
and "power to cause motion" are erroneous because they ignore the governing parameters 
ofNewton's second law, force, mass and acceleration. Newton's second law states that 
the acceleration of an object with constant mass is proportional to the resultant force 
acting upon it (Force= Mass* Acceleration). 
The "active agent" misconception, also documented by Clement ( 1982) and 
Halloun and Hestenes (1985b ), leads to a variety of confusion and misapplication of 
Newton's laws. For example, if only active agents cause force (and therefore motion), 
the presence of motion implies an active force, and the absence of motion implies no 
force (Halloun & Hestenes, 1985b; Hestenes et al., 1992). As noted earlier, since 
students often do not discriminate between acceleration and velocity, they will also not 
discriminate between "acceleration is proportional to force" and "velocity is proportional 
to applied force" (Hestenes et al., 1992). 
In addition, students with little experience with frictionless surfaces have never 
seen an object continue its motion indefinitely without the presence of another force and 
therefore assume that acceleration implies increasing force (Halloun & Hestenes, 1985b; 
Hestenes et al., 1992). Finally, concerning the misconception of active force, since 
students often correlate the concept of an active agent with a person or living being, they 
assume the active force will eventually wear out or have a limited capacity to produce 
motion (Halloun & Hestenes, 1985b; Hestenes et al., 1992). 
Fourth, students' concrete experiences in the world cause Newton's third law to 
seem illogical and unreasonable to them (Halloun & Hestenes, 1985b; Hestenes et al., 
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1992). Newton's third law states that when one object exerts a force on a second object, 
the second object exerts an equal and opposite force upon the first object. Hestenes et al. 
(1992) describe part of students' confusion by the commonsense notion that "victory 
belongs to the stronger" (p.143) which they call the "dominance principle" (p.144). The 
dominance principle is expressed in two different ways, either that a greater mass will 
determine the greater force exerted or the more active agent causes the greatest force 
(Halloun & Hestenes, 1985b; Hestenes et al., 1992). Students have a large body of 
experiences that in their minds contradict Newton's third law. For example, a small car 
and a large truck hit each other head-on in an accident. To the student, it appears the 
large truck exerted a larger force on the small car due to the visible damage, but this 
directly contradicts Newton's third law. Numerous experiences like the accident cause 
this misconception to be one of the most difficult to overcome (Hestenes et al., 1992). 
Fifth, students have a variety of commonsense ideas they offer as an alternative to 
the Newtonian principle of force superposition (Halloun & Hestenes, 1985b; Hestenes et 
al., 1992) which dictates forces are summed via vector addition and that forces can 
cancel. Related to the dominance principle, students will often believe that the larger 
force will determine motion, motion is determined by a compromise between two forces, 
or that the last force to be exerted will determine motion (Halloun & Hestenes, 1985b; 
Hestenes et al., 1992). Halloun and Hestenes (1985b) describe this as having the "natural 
origin in the experience that, to move a heavy object, one needs to push harder and harder 
until the push 'overcomes' the resistance, and less effort is needed to maintain motion" 
(p.1064). 
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Sixth, misconceptions pertaining to different kinds of force are varied. The non-
Newtonian world does not have a unified concept of force (Hestenes et al., 1992). 
Rather, students erroneously differentiate and define different types of forces, and these 
forces act in different ways. For example, the idea that a "centrifugal force" exists is a 
common misconception held by students and even teachers (Hestenes et al., 1992). 
Further, another misconception is that stationary objects do not exert forces, but are 
simply obstacles that make moving objects stop (Halloun & Hestenes, 1985b; Hestenes 
et al., 1992). A final misconception is that motion only occurs when a force overcomes 
the resistance, where the resistance is what is opposing the impetus or active force 
(Halloun & Hestenes, 1985b; Hestenes et al., 1992). 
Another kind of force students have difficulty with is the force due to gravity. 
Students do not regard gravity as a force, but rather as the tendency of objects to fall 
down (Halloun & Hestenes, 1985b). In addition, many students believe that air pressure 
contributes to gravity, that gravity is intrinsic to having mass, heavier objects will fall 
faster, gravity increases as objects fall further and gravity acts after the impetus force 
wears down (Halloun & Hestenes, 1985b; Hestenes et al., 1992). These misconceptions 
are rooted in students' experiences in the real world where heavier objects are often seen 
falling faster than lighter ones. Without knowledge of the true governing principles, 
students will believe that heavier objects fall faster than lighter ones, and that gravity 
increases as objects fall further. Many university and Society of Physics Students 
provide documentation of pumpkin drop experiments designed to demonstrate the true 
physical laws governing falling objects (Annual Pumpkin Drop, 2004; Galileo Pumpkin 
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Drop, 2000). Ultimately, experiences in the non-Newtonian world give students many 
opportunities, often based on incomplete consideration of all applicable forces, to reason 
for and explain physical phenomena based on their own observations. 
Misconceptions related to Newtonian physics are rampant and are deeply rooted 
in students' everyday experience in the world; the same domain which the field of 
physics desires to explain (Halloun & Hestenes, 1985a). These misconceptions result 
from incomplete understanding of all relevant physics concepts as students observe their 
world. 
Many of these misconceptions hold hard and fast in the minds of students 
(Clement, 1982; Halloun & Hestenes, 1985a; Halloun & Hestenes, 1985b; Maloney, 
1990; Trowbridge & McDermott, 1980; Trowbridge & McDermott, 1981 ). The 
persistence of these misconceptions requires serious contemplation, for if "the students 
have evidently not learned the most basic Newtonian concepts, they must have failed to 
comprehend most of the material in the course" (Hestenes et al., 1992, p.141 ). Therefore, 
understanding the nature and source of these misconceptions allows instructors to 
disprove the misconceptions and teach physics more effectively. 
Conceptual Assessments 
In the early 1980s, researchers began to identify specific misconceptions through 
interviews with students and written examinations (Clement, 1982; Trowbridge & 
McDermott, 1980; Trowbridge & McDermott, 1981). However, as researchers and 
instructors saw these misconceptions in larger numbers of students, they focused more on 
broad areas of misconceptions and methods that could be assessed in large groups 
(Beichner, 1994; Halloun & Hestenes, 1985a; Hestenes et al., 1992; Hestenes & Wells, 
1992; Thornton & Sokoloff, 1998). 
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Approximately five major assessments have been developed in the previous 20 
years to assess student understanding of force and/or motion. Although some studies 
focused on identifying particular misconceptions, others were designed to evaluate a 
particular instructional program or teaching method. Both types of studies are valuable to 
this investigation since each conceptual assessment gives valuable data on how students 
think conceptually. These assessments include: 
1. Physics Mechanics Diagnostic Test (MD; Halloun & Hestenes, 1985a), 
2. Force Concept Inventory (FCI; Hestenes et al., 1992), 
3. Mechanics Baseline Test (MB; Hestenes & Wells, 1992), 
4. Test of Understanding Graphs in Kinematics (TUG-K; Beichner, 1994), and 
5. Force and Motion Conceptual Evaluation (FMCE; Thornton & Sokoloff, 1998). 
Each of these will be discussed in detail including their development, their 
content and method of measurement, and related criticisms and concerns. A summary of 
these studies, the assessments used and their population groups is found in Table 1. 
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Table 1 
Research Relating to Physics Conceptual Assessments 
High School Type of P.S.* Type of P.S. * Research Assessment Used HS ( # students) Classes ( # students) Classes 
Beichner, 1994 TUG-K 165 (post 57 (post test only) test only) 
Physics Mechanics General Physics I, 
a Summer course, Hake, 1987 Diagnostic Test 135 Non-calculus (MD) based 
597 
MD,FCI& Regular College 
Hake, 1998a Mechanics 1113 and 4832 
Baseline (MB) Honors University 
(5429 total) 
Halloun & Physics Mechanics General Calculus-based and 
Hestenes, 1985a Diagnostic Test 80 (regular) 1500 non-calculus based (MD) 
Hestenes, Wells, 3 Regular, 2 Special, 
& Swackhamer, FCI 1500 3 Honors 500 2 Regular, 
1992 &2AP 1 Honors 
Savinainen & FCI 24 Scott,2002b 
Force and Motion Calculus-based and 
Thornton& Conceptual 1041 Non-calculus Sokoloff, 1998 Evaluation based general 
(FMCE) physics 
* P .S. (Post Secondary) 
The primary research articles on the development of these tests have often 
sampled student populations from high schools, colleges, and universities (Beichner, 
1994; Hake, 1998a; Halloun & Hestenes, 1985a; Hestenes et al., 1992). However, some 
of the research on conceptual physics assessments uses only post-secondary populations 
(Hake, 1987; Thornton & Sokoloff, 1998). Instances ofresearch concerning only high 
school populations are rare (Savinainen & Scott, 2002b ). 
Research examining the effectiveness of various conceptual assessments often 
uses a survey-type approach to evaluate student populations for physics understanding. 
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The researchers ask teachers if they would use their assessment and ask them what kind 
of methods and instructional materials they use. Halloun and Hestenes (1985a) and 
Hestenes et al. (1992) both used a survey-type approach, asking high school and post-
secondary physics teachers to give assessments to evaluate their students' conceptual 
understanding ofNewtonian mechanics. Beichner (1994) used a similar approach, asking 
students who had already received kinematics instruction to take an assessment he 
created. 
After an assessment has gathered credibility, researchers will use it to determine 
the effectiveness of instructional methods. Hake's (1987) study examined the effects of a 
new course (a non-calculus based university General Physics I summer class) designed to 
promote students' conceptual understanding ofNewtonian mechanics using the MD 
assessment. Hake's (1998a) study examined the effectiveness of traditional versus IE 
methods in physics classes and used the MD, FCI and MB to assess students' 
understanding ofNewtonian concepts. Thornton and Sokoloff (1998) used the FMCE to 
determine ifIE strategies enhance problem-solving ability in post-secondary physics 
courses. Finally, research by Savinainen and Scott (2002b) covered a new method of 
teaching mechanics in a high school physics course utilizing the FCI as their means of 
assessment. 
The MD was developed in 1985 to assess the "basic knowledge state of students 
taking a first course in physics" and was designed to show that "the student's initial 
qualitative, common sense beliefs about motion and causes has a large effect on 
performance in physics" (Halloun & Hestenes, 1985a, p.1043). Rather than giving an 
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exam testing a student's initial knowledge of Newtonian Mechanics, Halloun and 
Hestenes (1985a) preferred to assess the student's common sense knowledge of 
mechanics. Using previous studies which identified misconceptions, "the test questions 
were initially selected to assess the student's qualitative conceptions of motion and its 
causes, and to identify common misconceptions" (Halloun & Hestenes, 1985a, p.1043). 
The content selected for the MD includes two main areas, principles of motion 
(kinematics and Newton's three laws) and influences on motion (different types of forces 
influencing motion; Halloun & Hestenes, 1985b ). 
Halloun and Hestenes (1985a) gave different versions of their exam to over 1000 
introductory level college physics students. Their first assessments were open-ended and 
analysis of these answers revealed the most common misconceptions. These were 
selected as the alternative answers in the multiple choice version (Halloun & Hestenes, 
1985a). Next, the validity and reliability of the MD was examined. Physics professors, 
physics graduate students, and high-achieving university physics students (Halloun & 
Hestenes, 1985a) assessed the content validity. The reliability was determined by 
interviewing individual students who had taken the exam and evaluating whether their 
answers and defense of their answers were stable and identical to their written answers on 
the exam (Halloun & Hestenes, 1985a). 
By analyzing students' overall grades in their physics course, the MD study found 
that a student's initial knowledge has a great effect on his performance in physics 
(Halloun & Hestenes, 1985b). Further, Halloun and Hestenes (1985b) found that 
traditional instruction does little to improve students' basic knowledge of physics. 
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The FCI (Appendix C) was developed in 1992 to acquire "technical knowledge 
about how students think and learn" and "to help teachers probe and assess the 
commonsense beliefs of their students" by providing a "clear, detailed picture of the 
problem of commonsense misconceptions in introductory physics" (Hestenes et al., 1992, 
p.142). The goal of the FCI is to assess student perceptions of force; the student is 
required to choose between a Newtonian and a commonsense answer (Hestenes et al., 
1992). The content assessed by the FCI includes kinematics, Newton's three laws, the 
superposition principle and different kinds of force such as gravity and air resistance 
(Hestenes et al., 1992). One author of the FCI, David Hestenes, also contributed to the 
Modeling Cycle, an approach to teaching physics designed to guide students in 
overcoming misconceptions (Hestenes, 1987; Wells, Hestenes & Swackhamer, 1995). 
The Modeling Cycle approach will be discussed in the Methods of Physics Instruction 
section. 
The FCI was also designed as an improvement to the MD by providing a more 
systematic and complete profile of misconceptions; approximately half of the FCI 
questions are identical to questions on the MD (Hestenes et al., 1992). Due to their 
similarity, formal procedures to establish the validity and reliability of the FCI were not 
taken. The only validation of this test consisted of student interviews (Hestenes et al., 
1992). 
Analyzing incorrect items on the FCI allows the assessment to be used as a 
diagnostic tool to identify and classify misconceptions (Hestenes et al., 1992). The 
misconceptions that pre-service physics teachers have are related to their understanding 
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and ultimately that of their students'. Secondly, the FCI may also be used as a tool to 
evaluate instruction. Hestenes et al. argues that a low post-test score on the FCI is likely 
due to poor instruction (Hestenes et al., 1992). With caution, the authors also recommend 
the FCI to be used as a placement exam at the university level (Hestenes et al., 1992). 
The FCI was revised in 1995, placed on the internet (Halloun et al., 1995), and 
later published (Mazur, 1997). The updated version has 30 questions, rather than the 
initial 29, is less ambiguous and has smaller likelihood of false positive results (Hake, 
1998a). A false positive occurs when students answer correctly for incorrect reasons 
(Hake, 1998a). The FCI has been widely used across the world in physics classrooms 
and provides a simple tool for evaluating student understanding of Newtonian mechanics 
(Savinainen & Scott, 2002a). Although the FCI has enjoyed massive success in physics 
education, concerns exist about its validity and reliability, method of attaining student 
answers, ability to identify all student misconceptions, and its claim to assess a unified 
force concept (Savinainen & Scott, 2002a). Many of the conceptual assessments 
discussed have similar difficulties and these will be addressed at the end of this section. 
The MB was developed by two authors of the FCI and was designed as a post-
instruction mechanics problem-solving test (Hestenes & Wells, 1992). According to the 
authors, "the Baseline tests the application of Newtonian concepts to simple kinematics 
and dynamics of a single particle. If these topics have not been mastered, of what value 
is instruction on more advanced topics in mechanics? The data we have suggest: not 
much!" (Hestenes & Wells, 1992, p.161). The MB was developed in conjunction with 
the FCI and applied to the same population of students (Hestenes & Wells, 1992). The 
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authors feel a good score on the FCI is necessary, but not sufficient, for a good score on 
the MB. They feel the FCI measures a student's grasp of the Newtonian force concept 
while the MB requires further knowledge to demonstrate effective problem solving 
(Hestenes & Wells, 1992). Discrimination between conceptual knowledge and the 
knowledge required for problem solving will be discussed in the methods section. 
Kinematics has been labeled as the most challenging topic in elementary 
mechanics (Hestenes & Wells, 1992). The TUG-K (Appendix D) was developed 
exclusively to assess student interpretation of kinematics graphs (Beichner, 1994). A 
kinematics graph is any plot of the following variable versus time: force, acceleration, 
velocity, or displacement. Since physics instructors often use kinematics graphs as an 
instructional tool, Beichner (1994) desired to uncover student problems with interpreting 
these graphs. He used the TUG-K assessment as a model to develop a multiple-choice 
test diagnostic tool of student performance on kinematics graph interpretation. In 
addition, Beichner ( 1994) developed his test to serve as a formative and summative 
assessment of instruction. Formative assessment implies ongoing testing and summative 
assessment means a final assessment of a summary of topics. 
Kinematics graphs are useful in physics because they compact a large body of 
data into a visual representation. Seven topics that kinematics graphs can address are: to 
determine velocity, acceleration, displacement, change in velocity, to interpret another 
kinematics graph, summarize essential information from a complex textual description, or 
create a graph based on textual descriptive motion (Beichner, 1994). 
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The TUG-K was designed to measure the seven objectives Beichner (1994) listed 
above. TUG-K results determine student performance by evaluating the above seven 
kinematics graph objectives. Three questions were created for each objective and an 
effort was made to exclude outside contextual factors so that only kinematics graph 
interpretation skills would be measured (Beichner, 1994). Table 2 reports a list of the 
TUG-K objectives. 
Table 2 
Objectives of the TUG-K 
Given: The student will: Questions addressing 
objective ( correct option) 
1. Position - Time Graph Determine Velocity 5(c), 13(d), 17(a) 
2. Velocity-Time Graph Determine Acceleration 2(e), 6(b), 7(a) 
3. Velocity-Time Graph Determine Displacement l(b), 4(d), 18(b), 20(e) 
4. Acceleration - Time Determine Change in IO(a), 16(d) Graph Velocity 
5. A Kinematics Graph Select Another 1 l(d), 14(b), 15(a) Corresponding Graph 
6. A Kinematics Graph Select Textual Description 3(d), 8(d), 21(a) 
7. Textual Motion Select Corresponding Graph 9(e), 12(b), 19(c) Description 
The validity of the TUG-K was evaluated by giving a draft version to 134 
community college students who had learned kinematics, as well as 15 science educators 
from high school to university level (Beichner, 1994). Finally, the reliability of the 
assessment was tested by asking those who took the TUG-Ka series of questions in an 
open-ended format that enabled identifying distracters (appealing wrong choices) and 
common errors (Beichner, 1994). 
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The population used for the final version of the TUG-K was 524 college and high 
school students from across the United States, all of whom had been exposed to 
kinematics through traditional physics instruction (Beichner, 1994). Beichner (1994) 
found six main difficulties students had with kinematics graphs: 
1. Thinking the kinematics graph is a literal picture of the situation, 
2. Confusing the slope of a line with the height of a point on a line 
3. Not distinguishing among distance, velocity and acceleration, 
4. Difficulty determining a slope of a line that does not go through zero, 
5. Inability to recognize the meaning of areas under a kinematics graph and 
6. Confusion between slope, area, and height calculations. 
Mechanics Diagnostic (MD) and FCI test results confirm the above difficulties 
identified by the TUG-K results. Finally, Beichner (1994) found the TUG-K was ''useful 
for diagnostic purposes and should be a helpful research tool" (p. 754). Based on results 
of the TUG-K assessment, Beichner (1994) found several implications to improve 
instruction, which will be discussed in the methods section below. 
Lastly, the FMCE (Appendix E) is a multiple-choice assessment designed to 
survey conceptual understanding ofNewtonian mechanics (Thornton & Sokoloff, 1998). 
The FMCE is intended to assess kinematics and dynamics, but concentrates on the force 
and motion concepts (Thornton & Sokoloff, 1998). Different from the FCI in that many 
of the kinematics questions are in graphical form, the FMCE is similar to some of the 
TUG-K questions. Thornton and Sokoloff(1998) desired to use this assessment as a 
means to measure the effectiveness of traditional versus an active learning strategy they 
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developed. The authors of the FMCE were also contributors to the RealTime Physics 
(RTP) Lab Materials, which were designed to address the misconceptions assessed by the 
FMCE (Sokoloff, Laws, & Thornton., 2002). RTP and methods will be discussed in the 
Methods of Physics Instruction section. 
The FMCE contains 47 questions grouped into the clusters of questions relating to 
a particular situation. Table E 1 found in Appendix E outlines how the FMCE is 
structured with respect to question number and topic. Briefly, the FMCE addresses the 
following major topics: (1) kinematics, (2) Newton's first law, (3) Newton's second law, 
(4) Newton's third law, (5) gravity as net force, and 6) energy. 
Thornton and Sokoloff (1998) established validity of the FMCE by correlating 
student answers to similar problems as questions on the FMCE. The reliability of the 
FMCE was confirmed in part by students who answered correctly on the exam. When 
questioned, these students were able to describe in words why they picked the answers 
they did and their answers matched the correct answer on the exam (Thornton & Sokoloff 
1998). When the FMCE questions were asked in an open answer format, Thornton and 
Sokoloff (1998) found students' correct answers agreed nearly 100% with the correct 
multiple-choice option. Finally, the authors of the FMCE found their conceptual 
assessment to be a valid instrument for probing pre-instruction student understanding, to 
identify misconceptions and post-instruction to verify the effectiveness of instruction. 
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Discussion of Conceptual Assessments 
Difficulties and concerns exist with each of the conceptual assessments previously 
discussed. However, the criticisms are more focused on the FCI because of its wide use. 
The primary concern related to the FCI involves its reliability and validity. Second, some 
contend the FCI does not actually measure a unified force concept. Third, some are 
concerned regarding the wrong option choices the FCI gives. 
The first concern about the FCI relates to its validity and reliability. The FCI was 
an adaptation of the MD with nearly half of its questions coming from its predecessor 
(Hestenes et al., 1992). However, the FCI is a completely different test which needs to be 
re-established as reliable and valid because it contains only half of the questions from the 
MD (Savinainen & Scott, 2002a). The FCI is an extensively used conceptual assessment. 
Some have argued that the reliability is well established through extensive use 
(Savinainen & Scott, 2002a). For example, Hake's (1998a) study comparing 62 IE 
versus traditional introductory physics courses revealed consistent FCI scores across 
diverse student populations in high schools, colleges and universities where the style of 
instruction was similar. Additionally, Savinainen & Scott (2002a) argue that content 
validity of the FCI has been established through the support of many physics instructors 
who use the test and agree the test assesses students' understanding of force. 
Second, Huffman and Heller ( 1995) contend that the FCI does not actually 
measure a unified force concept organized into six conceptual dimensions. They 
analyzed FCI assessments from 750 university physics and 145 high school physics 
students using factor analysis, a statistical technique used to calculate how items on a test 
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are related (Huffman & Heller, 1995). Questions relating to the same concept should fall 
under the same factor. Huffman and Heller's (1995) analysis found 9 or 10 different 
factors, significantly greater than the six expected. They believe the FCI does not 
measure six distinct force concepts but rather "bits and pieces of students' knowledge 
that do not necessarily form a coherent force concept" (Huffman & Heller, 1995, p.141 ). 
Though the six conceptual domains may seem obvious to a physics instructor, Huffman 
and Heller (1995) argue they are less than clear to the average physics student. 
Hestenes and Halloun (1995) responded to Huffman and Heller by contending 
their results by factor analysis were in complete agreement with their data. They assert 
the FCI should be analyzed and administered as a whole (Hestenes and Halloun (1995). 
Further, they argue that the multiple factors produced by Huffman and Heller was what 
they would expect from non-Newtonian thinkers. These multiple factors describe the 
organization of student force concepts which are quite different from the Newtonian force 
concept (Hestenes & Halloun, 1995). 
A third concern about the FCI relates to the effect of the distracters; a distracter is 
one of the incorrect multiple-choice answers. Each FCI question has five options, one is 
correct and the other four are "distracters." The question is whether or not enough 
choices are offered or if students were forced to choose one of the wrong answers when 
they would have preferred another. When student responses on the FCI are compared to 
equivalent open-ended questions, the multiple-choice and open-ended responses 
correlated nearly perfectly when students chose the correct answer. When students 
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answer incorrectly, students often wrote answers not found in the multiple-choice options 
(Rebello & Zollman, 2004; Steinberg & Sabella, 1997). 
Further, Rebello & Zollman (1994) found when students were given more choices 
(selected from open-ended wrong answers) a significant percentage of students chose the 
alternative options. They believe the FCI to be valuable for determining how many 
students can answer FCI questions correctly, but feel the multiple-choice format of the 
test is less effective at determining student misconceptions than an equivalent open-ended 
exam. Clearly, an open-ended exam would give the best view of student ideas and 
beliefs, but open-ended exams are inconvenient and unsuited for testing large groups. 
However, the FMCE avoids some of this problem due to the large number of distracters it 
offers students (many questions have seven to nine distracters). Caution should be used 
when analyzing FCI results, but one could argue that seeking broad trends would be a fair 
assessment of student beliefs. One could also argue that the FCI needs further revision 
with a more broadly established reliability; many students taking open-ended exams 
might reveal new distracters. 
The FCI, TUG-K, and FMCE are of greatest interest to this investigation since 
they are the conceptual assessments used. Conceptual assessments like the FCI, TUG-K 
and FMCE are all valuable tools to assess student understanding and misconceptions in 
mechanics. In addition, they are also worthy instruments to assess the effectiveness of 
particular methods of instruction. 
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Methods of Physics Instruction 
Research consistently shows that traditional physics instruction is ineffective at 
increasing understanding ofNewtonian mechanics (Halloun and Hestenes, 1985a; 
Hestenes et al., 1992, Thornton & Sokoloff, 1998). The authors of the FCI and FMCE 
(Hestenes et al., 1992, Thornton & Sokoloff, 1998) and Hake (1998a) gave pre- and post-
assessments which showed that students who participated in an active-learning or 
interactive-engagement physics curriculum performed better on post-conceptual 
assessments of Newtonian Mechanics than students in a class with traditional curriculum. 
Though the specific non-traditional curricula in each study differed, they have many 
similarities. One could argue that these commonalities are what make the significant 
improvement in student conceptual understanding. Traditional and IE methods were 
defined in Chapter 1. The National Research Council ( 1996) and research have provided 
guidelines, materials and methods for teaching IE or inquiry-based courses (Hestenes, 
1987; Sokoloff & Thornton., 1993; Sokoloff et al., 2002; Wells et al., 1995). These 
methods and materials will be discussed later in this section. 
Halloun and Hestenes' (1985a) research revealed traditional instruction does little 
to change physics students' misconceptions. They administered pre- and post-tests of the 
MD, a conceptual assessment they developed, and found inadequate gains of conceptual 
knowledge after traditional physics instruction (Halloun & Hestenes, 1985a). 
In the development of the FCI, the authors had two goals: identifying 
misconceptions and categorizing methods of instruction that were more effective at 
disabling misconceptions. Hestenes et al. (1992) found those instructors that employed 
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methods including "computer based and laboratory-oriented instruction with no lectures, 
but with much class discussion and some special techniques to stimulate it" achieved 
higher gain scores on the FCI (p.147). Though the primary FCI article did not go into 
detail about specific instructional techniques for disabling student misconceptions, one 
author, David Hestenes, contributed to other articles describing the Modeling Cycle 
which will be discussed later. 
In a more comprehensive study correlating instructional methods and student 
crossover into the Newtonian belief system, Hake (1998a) used pre- and post-assessment 
data from conceptual exams to show classrooms that utilized IE methods were more 
effective in teaching mechanics conceptual understanding than those classrooms using 
traditional methods. He used a survey-type of approach to gather data, asking high 
school, college, and university instructors to complete a survey about their instructional 
methods and to include student MD or FCI pre- and post-test data in the survey. To be 
considered an IE course in Hake's (1998a) study, it needed to promote in some part 
student conceptual understanding. If the course employed specific instructional methods 
and strategies (similar to those listed in Chapter 1 ), it was considered an "IE" course. 
Furthermore, using FCI and MD data, Hake (1998a) found the traditional courses 
achieved an average gain of <g>T-ave = 0.23 ± 0.04 (std dev) while IE courses achieved an 
average gain <g>rn-ave = 0.48 ± 0.14 (std dev). Therefore, IE courses are expected to 
achieve a FCI or MD gain of at least 0.3 or greater (Hake, 1998a). Hake (1998a) 
conducted case studies on Low-g IE courses and strongly suspected implementation 
errors of proper IE methods. Another FCI benchmark was observed by Hestenes et al. 
35 
(1992). These authors reported that mastery ofNewtonian mechanics would yield a post-
test FCI score of 80% or above. 
Similar less comprehensive studies have shown results' comparable to the Hake 
(1998a) study, namely IE-type classes achieve greater conceptual gains than traditional 
classes when pre- and post-test conceptual assessments are administered (Redish, Saul, & 
Steinberg, 1997; Sokoloff & Thornton, 1997; Thornton & Sokoloff, 1998). In addition, 
the author of the TUG-K conceptual assessment, Robert Beichner, recommends, "The 
first step is for teachers to become aware of the problem" (Beichner, 1994, p. 7 55). 
Beichner argues his study shows that traditional instruction does not successfully impart 
knowledge of kinematics graphs but rather, "Instruction that asks students to predict 
graph shapes, collect the relevant data, and then compare results to predictions appears to 
be especially suited to promoting conceptual change" (Beichner, 1994, p.755). 
Ultimately, research clearly shows the benefit oflE classes for student conceptual 
development ofNewtonian mechanics. However, evidence also exists that shows 
implementation oflE methods is critical since poor execution oflE methods may result 
in low gain scores (Hake, 1998a; Hestenes et al., 1992). Hake (1998a) recommends an 
"apprenticeship" education for instructors new to IE methods where teachers can learn to 
implement the IE approach properly. The UNI-PI made such an attempt of an 
apprenticeship program through its dual goal of physics content instruction and IE 
methodologies. Specific IE methods and materials the UNI-PI employed include: the 
National Science Education Standards (National Research Council, 1996), the PRISMS 
PLUS Leaming Cycle (Cooney, Escalada, & Unruh, 2005), the Modeling Method (Wells 
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et al., 1995) RealTime Physics (Sokoloff et al., 2002), Constructing Physics 
Understanding in a Computer-Supported Learning Environment Project (CPU; Goldberg, 
2001) and Visual Quantum Mechanics -The Original CD-ROM (Zollman & KSU 
Physics Education Research Group, 2002). 
The NSES (National Research Council, 1996) state, "what students learn is 
greatly influenced by how they are taught" (p.28). These standards recommend that all 
science teachers "plan an inquiry-based science program for their students" (p.30) and 
"guide and facilitate learning" (p. 32) through inquiry. The NSES requirements for 
inquiry include student-developed questions and scientific investigations, both important 
components in an IE classroom. Though the NSES emphasizes inquiry-based instruction 
to teach K - 12 students science content, they also recommend a diversity of learning .. 
experiences and strategies. 
The UNI-PI used a preliminary version of the PRISMS PLUS (Cooney et al., 
2005) materials in both 4-week sessions. PRISMS PLUS is a comprehensive set of 
student activities and instructor materials developed at UNI by university faculty and 
master high school physics teachers. The PRISMS PLUS instructional materials and 
strategies were designed to develop student conceptual understanding and to foster 
student problem solving skills specifically dealing with science and reasoning within the 
context of their daily lives. 
PRISMS PLUS utilizes a modified learning cycle based on the work of Karplus 
(1977) to instruct students. The learning cycle includes three phases: exploration, 
concept introduction and concept application. In the exploration phase, students learn 
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with minimal instructor guidance and are encouraged to observe, identify important 
variables and explain phenomena (Escalada et al., 2001; Unruh, Countryman, & Cooney, 
1992). For example, students learning the relationship between force and acceleration 
may be given a dynamics cart with. a mounted force probe that has been placed on a track 
with a motion detector located at the end of the track and told to hypothesize, explore and 
identify the relationship between these two variables. The concept introduction stage is 
designed to help the teacher develop the concept introduced in the exploration phase 
using more concrete experiences and teacher-guided demonstrations or activities along 
with student conceptual support materials. Finally, students apply the understanding they 
have learned in the previous two phases in the concept application phase to new and 
novel situations. The learning cycle is considered an IE method because it is an approach 
designed to promote conceptual understanding through student-centered instruction. 
Another IE method the UNI-PI used was the Modeling Method (Wells et al., 
1995), first described by Hestenes (1987). The Modeling Cycle engages students by 
creating and using models to understand the physics world. Students follow a modified 
learning cycle of model development, evaluation, and application giving the students 
experience with the procedure of scientific investigation. This approach provides 
opportunities for students to present the results of their investigations and to engage in a 
form of Socratic dialogue in which the instructor and students are allowed to ask 
questions. 
From personal experience and educational research, Hestenes (1987) found most 
mechanics instruction lacked adequate training in procedural knowledge, which he 
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defines as strategies, tactics, and techniques for understanding factual knowledge. To 
overcome the deficiencies, he proposed a theory of instruction called modeling. Wells, 
Hestenes and Swackhamer ( 1995) further developed this theory into a method for high 
school physics instruction and described it as a refinement of the learning cycle 
developed by Karplus (1977). In contrast to traditional instruction, which tends to give 
students fragmented pieces of physics knowledge, "the modeling approach organizes the 
course content around a small number of basic models, such as the 'harmonic oscillator' 
and the 'particle subject to a constant force"' (Wells et al., 1995, p.607). The Modeling 
Cycle has two stages, model development and model deployment (Wells et al., 1995). 
Model development loosely corresponds to the exploration and concept introduction 
phases of the learning cycle while model deployment is similar to the concept application 
phase. 
The UNI-PI also used Constructing Physics Understanding in a Computer-
Supported Learning Environment Project (CPU; Goldberg, 2001), which included 
materials that use laboratory and computers to create a learning environment where 
students construct their knowledge of physics. The CPU materials use computer 
simulations to provide model-based examples to help students learn about physics. The 
materials also include a collection of curriculum units that have activities and questions 
to guide student thinking. This approach also employs a modified learning cycle. 
Rea/Time Physics (RTP; Sokoloff et al., 2002) is an IE instructional material used 
by the UNI-Pl to develop participants' conceptual understanding. RTP was developed as 
a result of physics education research to help guide students through activities using 
microcomputer-based laboratory tools. The laboratory guides have activities and 
integrated homework that cover a semester's worth of physics content. 
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Rea/Time Physics was developed for introductory mechanics courses and 
"designed to allow students to take an active role in their learning and encourage them to 
construct physical knowledge for themselves from actual observations" (Thornton & 
Sokoloff, 1998, p. 341). These materials utilize microcomputer-based-laboratory (MBL) 
force probes and motion detectors so students can observe and measure the force applied 
to an object and its motion in real time. Teacher direction' is minimal, with the emphasis 
on guided discovery and peer learning in student groups. · RealTime Physics also uses the 
learning cycle to encourage students to predict, observe and make comparisons (Thornton-
et al., 1998). Consequently, the effectiveness of IE methods has been established and 
the wide availability of unique, well researched IE methods and materials is evident. 
Finally, Visual Quantum Mechanics - The Original CD-ROM (VQM; Zollman & 
KSU Physics Education Research Group, 2002) was also used by the UNI-PI as an IE 
instructional material. VQM employs the learning cycle approach through hands-on 
activities, interactive computer programs and everyday, inexpensive materials to 
emphasize conceptual comprehension of quantum mechanical topics. 
Professional Development 
Student learning is complex and many approaches are being investigated. 
Huffman, Thomas, and Lawrenz (2003) found multiple factors that contribute to student 
achievement apart from teacher professional development. They suggested that factors 
such as school structure and culture, school leadership, human resources and support, and 
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the professional community need to be considered. Therefore, this study concluded, 
"more research is needed on engaging teachers in curriculum development and the impact 
on student achievement" (Huffman et al., 2003, p.385). 
Some research also shows that professional development aiming to examine 
specific teaching practices may increase the use of those practices (Basista & Matthews, 
2002). Although research conducted by Huffman et al. (2003) examined the relationship 
between teacher professional development and science achievement for eighth grade 
students and found no relationship between the two, the study by Taylor, Powell, Van 
Dusen, Schindler, Pearson, Lavine & Bess (2005) contradicts this. Previous research has 
shown that professional development focused on investigating specific teaching practices 
can increase the use and effectiveness of those practices (Basista & Mathews, 2002). 
Further, a study examining the relationship between different types of professional 
development, teachers' instructional practices, and student science and mathematics 
achievement found higher use of standards-based instructional practice in science 
teachers who participated in examining practice and curriculum development types of 
professional programs (Huffinan et al., 2003). 
A recent study conducted in the San Diego City Schools (SDCS) provides 
encouraging preliminary data regarding the effectiveness of professional development on 
physics teachers and their students. Taylor et al. (2005) reported on the progress of a 
professional development program for physics teachers in the SDCS. In 2001, SDCS 
changed the graduation requirements to include physics, chemistry, and biology, in that 
order beginning in 9th grade. This requirement led to the need for additional 9th grade 
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physics teachers, many of whom were out-of-field instructors from the district. To meet 
this need, SOCS developed a comprehensive professional development program to 
implement the new 9th grade physics curriculum, increase the physics content knowledge 
for the out-of-field teachers and prepare all teachers in inquiry-based teaching methods. 
The SOCS professional development program included two summer institutes in 
2001 and 2002, monthly meetings during the school year, common planning periods for 
teachers and new school science administrators (Taylor et al., 2005). Preliminary data 
from the 2001 and 2002 school years show: 
• Teacher confidence using inquiry-based teaching methods, 
• Teacher beliefs that the professional program was influential to their 
professional growth, 
• Use of a majority of core components in the new curriculum 
• Improvement of student test scores on an end-of-course assessment 
developed for this new curriculum (Taylor et al., 2005). 
Professional development has been defined as "the opportunities offered to 
educators to develop new knowledge, skills, approaches, and dispositions to improve 
their effectiveness in their classrooms and organizations" (Loucks-Horsley, Hewson, 
Love, Stiles, 1998, p. xvi). The National Science Education Standards (NSES; National 
Research Council, 1996) include standards for science teacher professional development. 
The standards state, "Professional development for teachers should be analogous to 
professional development for other professionals. Becoming an effective science teacher 
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is a continuous process that stretches from pre-service experiences in undergraduate years 
to the end of a professional career" (p.55). 
The NSES advocate modeling good science teaching in both pre-service and 
professional development programs (National Research Council, 1996). The UNI-PI 
implemented a multi-faceted approach to professional development that adheres to the 
four standards developed by the NSES: 
1. Inquiry methods must be used to teach essential science content, 
2. Knowledge of science, learning, pedagogy and students must be integrated 
and applied to science teaching, 
3. Understanding and abilities for lifelong learning opportunities must be 
presented 
4. Professional development programs must be coherent and integrated. 
CHAPTER3 
RESEARCH METHODS 
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Evaluating the effectiveness of the UNI Physics Institute for high school physics 
teachers was accomplished by selecting a study population of teachers, examining their 
conceptual understanding of Newtonian mechanics, their instructional practices, and their 
students' conceptual understanding ofNewtonian mechanics as measured by a number of 
instruments. 
Population and Sample 
The subjects for this study were a group of Iowa secondary science teachers who 
participated in the UNI-PI from the summer of 2002 to the summer of 2003 to meet the 
requirements for the State of Iowa Grades 7 - 12 physics teaching endorsement and their 
students. The UNI-PI involved 21 participants during its two-year program, 12 of whom 
participated both years. Nine of the UNI-PI participants who attended both summer 
sessions and submitted physics student data both years were asked to participate in 
submitting additional data for this study. Four participants out of this group of nine gave 
consent to contribute FMCE and SRIPQ data. These volunteer participants have been 
identified with the letters A, B, C, and D. Table 3 outlines the different participant and 
student groups of the UNI-PI and the groups that provided data for analysis in this study. 
The 21 participants of the UNI-PI applied to the Institute in response to 
advertisements over the course of the two-year program. A list of the high school physics 
teachers from the state oflowa was obtained from the Iowa Department of Education. 
Brochures and application forms were mailed to high school physics teachers across Iowa 
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with a focus on schools where science teachers teach multiple subjects. Science teachers 
who teach multiple-science subjects often do not teach physics as their primary subject 
(Horizon, 2002). Information about the program was also provided via the UNI Physics 
Department Outreach webpage, paper presentations at Iowa professional conferences for 
science teachers, and emails sent to Area Education Agency science consultants all over 
the state and to a number of high school principals. 
As shown in Table 3, fifteen participants were selected for the first summer 
session of the UNI-PI. These participants were selected from applications received and 
based on need for a physics teaching endorsement and the applicants' physics 
background. Following the first year of the Institute, three participants left the program, 
12 remained and six new participants were added. In all, 12 participants completed two 
summer sessions, three completed only the first and six completed only the second. FCI 
and TUG-K scores from the 15 original participants (identified in Table 3 as group 1) 
were used for participant conceptual understanding and misconception analysis about 
Newtonian mechanics. Only physics student data from the nine participants involved in 
both years of the Institute who taught physics was used in the analysis of 2002-2003 
school year student conceptual understanding and misconception analysis (identified in 
Table 3 as groups la and lb). In the 2003-2004 school year, only participants who had 
been involved in the first and second years of the Institute, taught physics (FCI: N = 4, 
TUG-K: N = 5) and sent in student data were included for analysis (identified in Table 3 
as groups 2a and 2b). 
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Table 3 
. UNI-PI Participant and Student Groups and Collected Data 
Number of Data Collected Participant and Student Groups Participants Participants and Analyzed for this Study 
A, B, C, D, E, F, FCI and TUG-K 
1 2002 UNI-Pl Participant Group 15 G, H, I, J, K, L, pre- and post-test 
M,N,O participant scores 
2002 UNI-Pl Participants who A, B, C, F, G, I, J, FCI pre- and post-1a submitted pre- and post-FCI 9 L,N test student scores physics student data 
2002 UNI-Pl Participants who A, B, C, F, G, I, J, TUG-K pre- and 1b submitted pre- and post-TUG-K 9 L,N post-test student 
student data scores 
A, B, C, D, E, F, No data collected 
2 2003 UNI-Pl Participant Group 18 G, H, I, J, K, L, P, for this study from 
Q,R,S,T,U this group 
2003 UNI-Pl Participants who FCI pre- and post-2a submitted pre- and post-FCI 4 A, B,C, I 
student data test student scores 
2003 UNI-Pl Participants who TUG-K pre- and 
2b submitted pre- and post-TUG-K 5 A, B, C,G, I post-test student 
student data scores 
Volunteer Participants FMCE post-test 
3 (Participated in 2002 and 2003 4 A,B,C,D participant scores, 
UNI-Pl) SRIPQ responses 
Since this study had many facets, multiple sources of data were collected from 
both participants and their students. Upon entering the UNI-PI all participants provided 
data including their number of years teaching physics, area of original expertise, physics 
semester hours completed, and number of hours needed to complete their Iowa physics 
teaching endorsement. 
A complete list of each participant's teaching experience and physics background 
is presented in Table Al (Appendix A). The fifteen participants of the first UNI-PI 
session were teachers in high school biology, chemistry, agriculture or middle school 
general or physical science. Seven females and 8 males constituted the first UNI-PI 
session group. The number of years the participants had been teaching physics prior to 
the UNI-PI ranged from zero to six. Physics background among the participants also 
differed; participants had taken from less than three (N = 3), four to seven (N = 6) or 
eight or more (N = 6) semester hours in physics before attending the UNI-PI. 
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A variety of schools was represented among the fifteen participant group: rural 
schools (N=l2), small town (N=l), large town (N=l) and mid-size city fringe (N=l; 
NCES, 2004). Furthermore, the 15 participants' schools served a range of student grades: 
9-12 (N = 10), 6-12 (N = 3), 7-12 (N = 1), 5-8 (N = 1; NCES, 2004). 
Other demographic factors among the fifteen participants' schools also varied: 
• Total school student body average: 362.1 students (±613.4 st.dev.) 
• Student-teacher ratio average: 12.3 students to one teacher (±4.2 st.dev.) 
• Minority percent of student body average: 3.1 percent (±5.1 st.dev.) 
• Percent of student body eligible for free or reduced lunch average: 22.4 
(±11.4 st.dev.), a range of 12.4 to 31.4 percent 
Complete details of the participant demographic data are provided in Table B 1 
found in Appendix B. Institutional Review Board (IRB) approval was obtained for this 
study and permission for human research was granted. Approval was not needed for 
participants' student data to be included in this study because it was collected by the 
participants and was a required component of the UNI-PI. 
Physics was not a required course in any of the volunteer participants' high 
schools. Consequently, the investigator assumed that all physics students were highly 
motivated because physics is an elective course rather than required. 
Design of Study 
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Early in the 2002 summer UNI-PI session each participant was given a pre-test of 
the FCI and TUG-K. At the end of the 2002 summer UNI-PI session, all 15 participants 
took the post-test for the FCI and TUG-K. The pre- and post-tests for the FCI and TUG-
K are identical exams. All 15 UNI-PI participants kept reflection journals through the 
first summer session, the 2002-2003 school year, and the second summer session. As a 
UNI-PI participant, each teacher was asked to give FCI and TUG-K pre- and post-tests to 
their physics ( or physical science) classes during the 2002-2003 and 2003-2004 academic 
years and to send the student answer sheets to UNI for analysis. 
Two UNI-PI participants taught physical science classes (either entirely or in 
addition to physics courses). Although the appropriateness of the FCI and TUG-K tests 
for these students was questionable, these teachers participated fully in the program by 
giving pre- and post-tests to their physical science students. 
All student answer sheets were scored at UNI Testing Services which compiled 
the student sheets from each participant's class, recording each student's name, score, 
and percentile. They also completed an item analysis for the exams of each class, 
recording how many students chose each answer. In the summer of 2004, the four 
volunteer participants completed a self-reporting questionnaire concerning participants' 
instructional practices and a fmal conceptual assessment they had not previously taken, 
the FMCE. 
Description of Research Instruments 
Maleki-Thoresen Math Diagnostic 
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The UNI-PI participants were given the Maleki-Thoresen Math Diagnostic (found 
in Appendix G) on the first day of the 2002 summer UNI-PI session. This instrument 
was designed to identify the math proficiency necessary to be successful in an 
introductory, algebra-based physics course. These math skills include: substituting 
numbers into an equation and solving for a variable, manipulating equations to solve for a 
variable, solving for two variables in a system of equations, computing square root 
equations, basic trigonometric operations, calculating the slope of a line on a graph, 
finding the intercept of a straight line given two coordinate points, fraction addition, 
exponential notation, and solving word problems. The Math Diagnostic has been used at 
Kansas State University and at the University of Northern Iowa in the algebra-based, 
introductory physics courses to provide the instructor and student information on student 
math proficiency prior to instruction. This instrument was used in the UNI-PI to assess 
the math abilities of the participants. 
Force Concept Inventory 
All 2002 UNI-PI participants were given the FCI (1995 revised version by 
Halloun et al., 1995) pre-assessment on the first day of the program in the summer of 
2002. Results were scored, but the exams were not immediately returned to the 
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participants because the same test was given as a post-test. After the post-test, pre-test 
scores and exams were returned to the participants and errors they made were discussed 
with them at the end of the first summer session. Then the participants were given copies 
of the FCI and blank exam sheets for their high school physics students, provided they 
were teaching physics at that time. The FCI scores of the six new participants in 2003 
were not included in this study because they did not have the same instruction as the first 
group of participants, namely Newtonian mechanics taught in the first UNI-PI session. 
The participants were asked to give their physics students the FCI pre-test early in 
the Fall 2002 semester and a post-test sometime after instruction of the appropriate 
topics. All student exam sheets were sent to the director of the UNI-PI and the 
investigator compiled the data in a spreadsheet for further analysis. After the 2003 UNI-
PI summer session, all participants were asked to give their physics students FCI pre- and 
post-tests using a similar schedule as the previous year. 
The FCI (Appendix C) was chosen as the instrument for identifying participants' 
and students' misconceptions because of its widespread use and large collection of 
previous data. The 1995 revised version was used in all instances of this study. The 
1995 FCI content and objectives were described in Chapter 2. Table Cl (Appendix C) 
identifies concepts addressed in the FCI (and the correct answers) and Table C2 reports 
misconceptions surveyed by the FCI. 
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Test for Understanding Graphs - Kinematics 
All UNI-PI participants were administered and asked to give their students the 
TUG-K using the same protocol described for the FCI. See Appendix D for a copy of the 
actual instrument and Table 2 for the objectives addressed (and the correct answers). 
UNI-PI Participant Journals 
The UNI-PI participants kept reflection journals describing their thoughts and 
actions during both UNI-PI sessions and the 2002-2003 school year. These journals 
provided opportunities for the participants to reflect and to internalize what they were 
learning and doing. The journals provided insight into each participants' thoughts during 
the Institute, their challenges and successes with learning and implementing the new 
physics content and teaching methods, and evidence of their conceptual and instructional 
practice change and growth. 
Force and Motion Conceptual Evaluation 
The FMCE (found in Appendix E.) was given as a final post-assessment 
instruction to the four UNI-PI participants who volunteered to provide additional 
information for this study and who had completed both years of the Institute. This post-
assessment was given approximately one year after the final 2003 summer UNI-PI 
session to measure the participants' long-term conceptual knowledge. The FMCE was 
similar to the FCI in content, and also contained kinematics graphs like the TUG-K. In 
addition, the FMCE was an assessment the four volunteer participants had not previously 
taken. As a result, the FMCE was a suitable assessment for the participants who chose to 
provide additional information for this study. Table El identifies the Newtonian 
concepts addressed in the FMCE. 
Instrument for Self-Reporting Instructional Practices Questionnaire 
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The Self-Reporting Instructional Practices Questionnaire (SRIPQ) was based on 
an instrument developed by Richard Hake (1997) to assess instructor's instructional 
practices and beliefs. The SRIPQ was given to the four volunteer participants. 
The SRIPQ (found in Appendix F) is similar to Hake's (1997) instrument in 
content and intent. In addition to collecting information about each participant and 
his/her classes, the SRIPQ contained five main segments that collect information about 
the: 
1. Use, frequency, and confidence level of specific instructional methods and 
materials in class and laboratories 
2. Instructional beliefs and emphases 
3. Use and confidence level of specific technologies 
4. Frequency of use and confidence level of specific types of student assessment and 
5. Frequency and confidence level of teaching specific topics in the physics 
curriculum. 
By the time the volunteer participants took the SRIPQ, they had experienced two 
summers of IE methods instruction and two years of experience implementing IE 
methods in their own physics classroom. The survey intended first to see how the 
volunteer participants were implementing the IE methods they learned at the UNI-PI, and 
second to see which instructional methods and practices they were implementing. The 
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survey was anonymous with the intent that the volunteer participants would be honest 
about their beliefs and instructional practices. Finally, the SRIPQ instrument gave 
information about the volunteer participants' change in beliefs and instructional practices. 
Hence, the SRIPQ provided insight into how the UNI-PI influenced participants' beliefs 
and instructional practices. 
UNI-PI Objectives and Procedures 
The 2002-2004 University ofNorthem Iowa Physics Institute was the result of the 
collaboration between the UNI Physics Department and UNI Science Education faculty 
to address a need to provide a coherent and integrated professional development program 
for high school science teachers seeking the State of Iowa (7-12) physics endorsement. 
Many characteristics of this program have already been noted during previous chapters 
and in earlier sections of this chapter. The following paragraphs provide additional 
details that more thoroughly describe the UNI-PL 
A recent study conducted by the American Institute of Physics (Neuschatz & 
Mcfarling, 1999) showed that the majority of public high school physics teachers have 
teaching licenses in physics and teacher preparation is improving slowly overall. 
However, other research has indicated that compared to other high school science 
teachers, physics teachers are more likely to teach several different courses (Horizon, 
2002). Ten percent of physics teachers have only one physics course to teach, compared 
to approximately thirty percent for other science teachers (Horizon, 2002). 
Less encouraging is the level of formal preparation high school physics teachers 
report. Compared to chemistry and biology teachers, physics teachers are less prepared 
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(Horizon, 2002). While 67 percent of chemistry teachers and 92 percent of biology 
teachers have taken six or more courses in their subject area, only 56 percent of physics 
teachers have done so (Horizon, 2002). Furthermore, roughly 20 percent of physics 
teachers have taken two or fewer college physics courses (Horizon, 2002). This 
information is consistent with similar research conducted by the U.S. Department of 
Education, National Center for Education Statistics (NCES; 2002). They reported that in 
1999-2000, 17 percent of high school physics students were being taught by a teacher 
who lacked a physics major, minor or certification, while only 8 and 10 percent of 
chemistry or biology/life science students had similarly unprepared teachers in 1999-
2000 (NCES, 2002). 
Data from the Iowa Department of Education (Dr. W.T. Heiting, personal email, 
Fall 2000) concerning high school physics teachers is consistent with national trends. For 
the past four years in Iowa, physics instruction in grades 7 through 12 has been a 
designated "shortage" area (Iowa Department of Education, 2005). This shortage results 
in many physics instructors teaching without an endorsement. 
The requirements for a high school physics teaching endorsement include the 
completion of 24 semester hours in physics or 30 semester hours in the broad field of 
science with 15 of those semester hours in physics (Iowa Board of Educational 
Examiners, 2005). Secondary science teachers who teach multiple-science subjects fit 
into this category since their preparation would include at least 30 hours or more in the 
broad field of science. 
54 
Most physics content courses at Iowa universities are offered in the fall or spring 
semesters during the day when high school teachers are unavailable to take these courses. 
In addition, relatively few physics content courses are regularly scheduled during the 
summer sessions. Those physics content courses offered during the summer by a single 
university may be limited in the number of credit hours that can be obtained. As a result, 
a teacher would have to complete a number of unrelated (and perhaps inapplicable to 
their teaching) physics content courses from a number of universities in order to complete 
the required number of physics content credit hours. Thus, completing a high school 
physics teaching endorsement would be difficult for a teacher without taking time off 
from teaching. The UNI-PI offered a unique opportunity for Iowa high school teachers to 
obtain their physics teaching endorsement by completing one integrated program that 
includes both physics content and pedagogy courses appropriate for the high school 
science teacher from one university in a relatively short period of time. 
Clearly a need exists for well-prepared high school physics teachers and the 
University of Northern Iowa Physics Institute (UNI-PI) was designed to address this 
need. The 2002-2003 University of Northern Iowa Physics Institute (UNI-PI) enabled a 
select group oflowa secondary science teachers to complete the necessary physics course 
requirements to obtain their State of Iowa 7-12 grades physics teaching endorsement. 
Participants of the two-year professional development program received instruction in 
both physics content and teaching methods, were provided support to implement these 
methods in their classrooms and given opportunities to network with their colleagues, 
university physics faculty, and master high school physics teachers. Participating 
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teachers were also provided free tuition, stipends, and funds to purchase instructional 
resources and materials to be used in their physics classrooms. The goals of the Institute 
were to: 
• allow teachers to complete the physics content courses required for the 
State oflowa 7-lth physics teaching endorsement under one program, 
• develop physics content knowledge, competency and comfort in teaching 
physics using constructivist methods, and 
• provide support and opportunities to network with a physics education 
community of high school and university physics faculty. 
The Institute faculty and staff included UNI Physics faculty and students as well 
as master high school physics teachers from the UNI Malcolm Price Laboratory School 
and Hudson Community High School. 
Due to their limited background in physics, the participants needed physics 
content instruction as well as necessary techniques to teach physics at the high school 
level. The two-year Institute program provided the participants with 15 graduate hours in 
physics during two four-week summer sessions and one ICN academic seminar in the 
2002-03 school year. Briefly, the UNI-Pl consisted of two Fundamentals of Physics 
courses, four semester hours each, and emphasized a student-centered, activity-based 
approach. Also included were two Studies in Innovative Physics Teaching Methods, two 
semester hours each, and a three semester hour Laboratory Projects Course. Specific 
topics covered were kinematics, dynamics, linear momentum, energy, waves, sound, 
light, electrostatics, magnetism, electric circuits, and modem physics. 
During both summer sessions, the following physics instructional materials were 
utilized: 
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• A preliminary edition of the Physics Resources'and Instructional 
Strategies for Motivating Students (PRISMS) PLUS (Cooney, Escalada, & 
Unruh, 2005), 
• The Modeling Method for High School Physics Instruction (Wells et al., 
1995), 
• Constructing Physics Understanding in a Computer-Supported Learning 
Environment Project (CPU; Goldberg, 2001), 
• Rea/Time Physics (RTP; Sokoloff et al., 2002) 
• Visual Quantum Mechanics - The Original CD-ROM (Zollman & KSU 
Physics Education Research Group, 2002) 
These instructional materials were discussed in detail in Chapter 2. The structure 
of the UNI-PI curricula was consistent with current research and the NSES (National 
Research Council, 1996), giving participants an integrated program of physics content 
and pedagogy. 
The goals of the UNI-PI align with the NSES professional development standards 
(National Research Council, 1996). These standards were discussed in Chapter 2. First, 
multiple inquiry-based materials and methods were used to develop content 
understanding. These materials and methods were described previously. Second, the 
integration of pedagogy and content knowledge was stressed throughout the Institute, as 
evidenced by the course structure and instructional strategies used in the Physics 
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Institute. Third, the multi-year format of the UNI-PI provided participants with contact 
opportunities and support by Institute faculty during the school year and required 
participant participation at Iowa professional conferences for science teachers. 
Participants were introduced to various journal, internet, and computer instructional 
resources available to high school physics teachers ( e.g., The Physics Teacher and The 
Science Teacher journals and the American Association of Physics Teachers web-based 
Physical Science Resource Center). Although the end of the UNI-PI also ended any 
participant obligation for further professional development, the participants were 
provided with multiple professional contacts and opportunities they could take advantage 
of throughout their career. Finally, the UNI-PI strived to create a cohesive and integrated 
program with its multifaceted approach to content understanding, physics teaching 
pedagogy and collaborative peer instruction. Furthermore, the methods employed in the 
UNI-PI generally were similar to research described above so a reasonable expectation is 
that participants demonstrate increased physics content knowledge and use ofIE 
instructional methods. 
Since many of the difficulties students have in physics are likely attributed to their 
mathematical ability, a Math Diagnostic (Maleki-Thoresen, 1998) was given at the 
beginning of the Institute to evaluate the participants' understanding of algebra, graphing 
and trigonometry. In addition, participants were given conceptual assessments as pre-
tests and post-tests to identify their preconceptions prior to UNI-Pl instruction and to 
enable determining to what degree these preconceptions changed as a result of the 
instruction received from the Institute. 
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The Test ofUnderstanding Graphs in Kinematics (TUG-K; Beichner, 1994) and 
Force Concept Inventory (FCI; Halloun, et al., 1995) were given to participants as a pre-
and post-test assessment during the 2002 summer session and also to the new participants 
in the 2003 summer session. The TUG-K was designed to evaluate graphical data 
interpretation and the FCI was designed to probe understanding of Newtonian mechanics. 
The pre- and post-tests of the FCI and TUG-Kare identical exams. 
Four conceptual assessments were also used as pre- and post-test assessments 
during the 2003 summer session: 
• Energy Concept Inventory (ECI; Swackhamer & Dukerich, 2003) 
• Electric Circuit Concept Evaluation (ECCE; Sokoloff & Thornton, 1993) 
• Conceptual Survey of Electricity and Magnetism (CSEM; Maloney, O'Kuma, 
Hieggelke, Van Heuvelen, 2000) 
• Solids and Light (Escalada, 2003). 
The ECI measures common concepts concerning energy. The Electric Circuit 
Concept Evaluation was created with the RealTime Physics Project to assess electrical 
circuit understanding. The CSEM was used to assess students' knowledge about 
electricity and magnetism. Finally, the Solids and Light assessment was created to 
determine students' understanding of how solids emit light. These four assessments are 
relatively new and many (if not all) have not gone through the degree of testing for 
validity and reliability that the assessments for force and motion have gone through. This 
investigation concerns the conceptual understanding of Newtonian mechanics, which 
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these assessments do not evaluate. Therefore, they will not be used in the analysis of this 
investigation. 
Participants also completed evaluations throughout the Institute rating aspects of 
the Institute and in general providing their thoughts and feedback. In addition, 
participants were required to keep reflection journals during each summer session and 
during the school year following the first summer session to describe their thoughts 
during their learning and implementation stages. 
As a result of participating in the UNI Physics Institute, participants were 
encouraged to give their physics or physical science students the same pre- and post- test 
assessments they themselves completed. Many participants gave their students the TUG-
K and FCI as pre- and post-test assessments during the 2002-03 and 2003-04 school 
years. 
Data Analysis Outline 
The following analyses of participants' and students' responses to the FCI, 
TUG-Kand FMCE were made: 
• The average number of correct and incorrect responses to each question of 
the FCI, TUG-K, and FMCE for each participant and student class taking 
the assessment (found in Appendices C, D and E), 
• Analyses of incorrect responses of the FCI, TUG-K, and FMCE for UNI-
PI group or student class was made to identify participants' and students' 
misconceptions in Newtonian Mechanics (found in Appendices C, D, and 
E). Statistical significance was determined using t-tests (Sokol & Rohlf, 
1987) and Wilcoxon Signed-Ranks Test (Natrella, 1963). 
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• Analyses of responses for misconceptions or fulfillment of objectives for 
the FCI (found in Tables Cl and C2), TUG-K (found in Table 3) and 
FMCE (found in Table El) and, 
• The average normalized gains ( defined in Chapter 1) of correct responses 
were calculated for each participant or student group for the entire FCI and 
TUG-K 
• Pearson statistical correlations were used to determine the relationship 
between participant experience and physics semester hours and their FCI 
and TUG-K score 
The UNI-Pl participant journals were qualitatively analyzed by reading the 
journals and looking for broad trends and relationships between the participants' self-
reported thoughts, actions and beliefs and other instruments used in this study. These 
journals proved helpful for explaining quantitative observations of assessment results. 
The SRIPQ results were compiled and average responses were calculated for each 
question or survey item. 
CHAPTER4 
ANALYSIS OF DATA 
Summary of the Procedure 
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The focus of this chapter is presentation and evaluation of UNI-PI participant and 
their students' FCI and TUG-K pre- and post-test results. Representative information 
from participant journals is provided as further evidence of conceptual understanding and 
instructional practice growth. In addition, four volunteer participants provided FMCE 
scores and SRIPQ responses. These test scores and responses provided a means of 
judging the null hypotheses that evaluated the UNI-PI program effectiveness and 
provided guidance to improve the UNI-Pl. 
Analysis of Data 
Conceptual Assessments Analysis 
Due to the large amount of data, student scores were evaluated as class averages 
and participant scores were evaluated as individual participant class averages. The 
obviously different proficiency levels for groups of participants required dividing them 
into subsets for additional analyses. For example, participants were grouped by their 
physics background. 
Where appropriate, bar chart summaries of student and participant responses to 
questions are provided. Some responses to questions designed to evaluate 
misconceptions of physics concepts are also provided in bar chart format. Misconception 
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analysis results were also averaged to condense the data into a manageable format as well 
as to provide more robust evaluations. 
To address the challenging requirements of null hypotheses evaluations, average 
scores were evaluated by comparing them with known independent variables, such as the 
number of physics semester hours and the years of teaching experience completed by 
participants. One null hypothesis objective was to determine the UNI-PI influence on 
participants and their students. Therefore, Pearson statistical correlations were calculated 
for participant experience and physics semester hours versus their FCI and TUG-K 
conceptual assessment scores, as well as TUG-Kand FCI scores versus FMCE scores for 
the volunteer participants. Pre- and post-test scores were evaluated using t-test statistical 
analyses for both students and participants for FCI and TUG-K. The normality (Gaussian 
character) of data sets was verified before performing statistical analyses. The Wilcoxon 
Signed-Ranks Test was used for non-Gaussian data sets (Natrella, 1963). 
FCI score results. The FCI test provided a robust data set to evaluate participant 
ability with known independent variables such as number of physics semester hours 
completed. Statistical t-test comparisons (Sokol & Rohlf, 1987) of student pre- and post-
test scores from two school years provided a method to quantify test scores statistically. 
Conceptual gain and post-test scores from both years were compared to evaluate the 
effect of the second UNI-PI session. Due to the non-Gaussian nature of participant score 
data, the Wilcoxon Signed-Ranks Test was employed to discern differences between pre-
and post-test participant scores (Natrella, 1963). 
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Table 4 reports the UNI-PI participant and their students' FCI pre-test, post-test, 
and gain averages. Participant pre-test average was 54.4% correct and post-test average 
was 69.1 % correct, which corresponds to an average gain of0.32. Hake (1998a) reported 
that IE-type classes should result in post-test FCI gain scores of 0.3 or above. Figure 1 
illustrates the participant pre- and post-test results and Table C3 reports individual 
participant pre- and post-test results. Hestenes and Wells (1992) regard 80% correct on 
the FCI to be a threshold score for mastery of basic Newtonian mechanics. The FCI post-
test was taken after the first UNI-PI summer session and the results indicate on average 
that the four-week UNI-PI summer session was effective at increasing the participants' 
conceptual knowledge about force, but it did not increase all participants' scores to the 
80% mastery level of Newtonian thinking. Possible reasons for this will be discussed in 
Chapter 5. A statistically significant difference between pre- and post-FCI participant 
scores is verified because r = 3 (n = 14 nonzero differences) is equal to the critical value 
ofr at 90% confidence when the two-sided Wilcoxon Signed-Ranks test is applied 
(Natrella, 1963). 
Table 4 
Summary of UNI-PI Participants' and Student FCI Results 
Group Pre-FCI (% Post-FCI (% FCI Average 
correct) correct) Gain 
UNI-PI Participants 54.4 69.1 0.32 
2002-2003 Physics Students 26.3 56.9 0.41 
2003-2004 Physics Students 26.5 51.8 0.35 
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(Circles report high initial and final scores, asterisks report low scores with little 
improvement, and diamonds report most improvement) 
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Figure 1 illustrates participant data clustering, likely due to differences in 
participant ability, which is why this data set did not conform to a Gaussian distribution. 
Statistical analysis thus required a nonparametric Wilcoxon test. Participants' pre- and 
post-test scores were in three distinct groups. Two sets showed minimal improvement, 
one set scored near the mastery level (80-100%) on the pre- and post-test (shown as black 
circles in Figure 1) and one set remained within the 33-50% range for pre- and post-tests 
(shown as asterisks in Figure 1). A third group had varied scores but demonstrated 
improvement of7 to 12 points (23 -40%) from pre- to post-test (shown as gray 
diamonds in Figure 1 ). This clustering of data is further evidence of the heterogeneous 
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participant group. These three clusters of participants on average had different physics 
backgrounds before the UNI-PI, as evidenced by the number of semester hours in physics 
completed before the UNI-PI: 
• 8.5 physics semester hour average for the five participants near the 
proficiency level, 
• 6.1 physics semester hour average for the group demonstrating the most 
improvement, and 
• 3.9 physics semester hour average for the group showing the least 
improvement. 
These results suggest a relationship between the amount of physics preparation a 
participant has before the UNI-PI and their ability to perform well on a conceptual 
assessment before and after a professional development program like the UNI-PI. These 
results suggest that at least 6 physics semester hours should be completed before 
participation in a UNI-PI type program. 
UNI-PI participants' pre- and post-test FCI results were compared with their 
results on the Maleki-Thoresen ( 1998) Math Diagnostic test using a Pearson correlation. 
Results reported in Figure 2 revealed a strong relationship between Math Diagnostic 
scores and both pre- and post FCI scores. The comparison suggested that math 
background may be necessary for a participant to be successful on a conceptual 
assessment such as the FCI after a four-week program similar to the Institute. Though 
the FCI does not require calculation of any mathematical equations, the results indicate 
that well-developed math reasoning skills are useful in a conceptual assessment such as 
the FCI. 
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Analyzing the UNI-PI participants' pre- and post-test FCI results in conjunction 
with their previous education and teaching experience in physics revealed a relationship 
between their education and conceptual knowledge (shown in Figure 3, p < 0.02; 
Bevington, 1969). A relationship between prior education and conceptual knowledge is 
expected; hopefully the more physics courses one completes, the more comprehensive 
his/her conceptual physics understanding, provided performance during the courses was 
acceptable. This positive relationship between conceptual understanding and physics 
semester hours indicates that a four-week program like the Institute may be more suitable 
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for participants with a prior background and experience in physics. What type of physics 
background remains unknown; the participants only provided the number of physics 
semester hours they had completed prior to the UNI-PI, rather than a comprehensive list 
of course name, challenge level and institution. However, a relationship between years of 
teaching physics and conceptual physics knowledge is not expected since many of the 
UNI-PI participants lacked physics teaching experience. Figure 4 confirms the 
expectation that no relationship between teaching experience and conceptual knowledge 
existed (shown in Figure 4, p > 0.5) for this group (Bevington, 1969). 
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FCI % vs. # Years Teaching Physics 
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Although participants were the focus of the UNI-PI, their students are equally 
important. As reported in Chapter 3, participants were requested to administer the FCI 
and TUG-K tests to their students as pre- and post-tests to evaluate student progress. 
Student assessments were similar to those for participants, namely pre-test, post-test and 
gain score comparisons. 
Figure 5 reports 2002-2003 and 2003-2004 physics student FCI class averages for 
pre-test and post-test scores. Tables C4 and CS found in Appendix C report complete 
data. Physics class post-test averages were lower than participants' though participants 
began with higher pre-test scores than students, so this is expected. Previous discussion 
of Table 4 focused on participant results, where pre-test, post-test and gain scores were 
discussed. Table 4 also reported 2002-2003 and 2003-2004 physics student pre- and 
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post-test average scores and gains. Pre-FCI average student score was 26.3% correct in 
2002-2003 and 26.5% correct in 2003-2004 school years. Post-FCI average student score 
was 56.9% correct in 2002-2003, an average gain of0.41(±0.18 ls, standard deviation) 
and 51.8% correct in 2003-2004, an average gain of 0.35(±0.14 1 s, standard deviation). 
These gain scores are nearly identical, considering the standard deviations. Hake (1998a) 
believes average gains above 0.3 indicate successful application oflE instructional 
methods. The average post-FCI % score is well below mastery level, though within the 
range of 42 to 85 % for high school physics student data reported by Hestenes et al. 
(1992). 
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Unlike participant data sets, physics student data were Gaussian, therefore 
standard statistical tests such as the t-test were appropriate. This is expected since the 
distribution of an average will tend to be Gaussian as the sample size increases, and the 
number of physics students was much greater than the number of participants (15 
participants and each taught an average of 18 students). For both years, 2002-2003 and 
2003-2004, a statistically significant difference between pre- and post-FCI scores for the 
physics students did exist (2002-2003: N=9, ta=6.909 > tc=2.120 at 95% probability; 
2003-2004: N=4, ta=4.228 > 2.447 at 95% probability where ta= actual t-value, tc= 
critical t-value; for statistically significant differences, ta> tc)- This increase is to be 
expected because their understanding ofNewtonian Mechanics was assumed to be 
minimal before instruction and therefore successful instruction would improve their 
conceptual understanding and thus their post-test FCI scores. 
Comparing the physics students' FCI gain scores from 2002-2003 and 2003-2004 
reveals no significant difference between the two years when at-test of the differences 
between two means is applied (ta=-0.632 < tc=2.201 at 95% probability, tc=l.796 at 90% 
probability). Similar results were observed for post-test% scores of 2002-2003 vs. 2003-
2004. Uncontrolled variables (confounding factors such as year-to-year differences in 
student ability, course content and no ICN seminar during the 2003-2004 academic year) 
are possible explanations for this observation. These explanations will be discussed in 
Chapter 5. 
Table 5 illustrates the need to consider extreme scores because they can provide 
insight regarding unexpected average results. One physics student (from Participant N's 
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2002-2003 physics class) scored 80% on the pre-FCI indicating mastery-level knowledge 
of Newtonian mechanics before instruction (this student scored 93.3% on the post-test). 
However, this is very atypical; only 9 students from both years achieved a post-test score 
of 90.0 percent or greater. The significance oflow scores must be considered also. The 
multiple choice answer design of the FCI carries special significance for low scores. 
Guessing on a five-option multiple choice exam results in a 20% score and scores below 
this indicate students are heavily drawn to the distracters (wrong answers) that are 
designed to probe misconceptions (Hake, 1998a). A low score is as likely to mean 
students have misconceptions as students were merely guessing. Therefore, the minimal 
percentage of post-FCI scores that are less than 25% is encouraging and shows evidence 
of student understanding gain on the post-FCI. 
Table 5 
Percenta~e of Students with Extreme FCI Scores 
% of Students with Low FCI % of Students with High FCI Score 
Score < 25%) (> 80%) 
~re-FCI ~ost-FCI ~re-FCI ~ost-FCI 
2002-2003 56 2 1 15 
2003-2004 49 7 0 12 
Figures 6 and 7 report graphical representations of physics students' FCI score 
distributions. These two figures provide an overview of student FCI results and include 
averages of pre-test%, post-test% and gains. Figures 6 and 7 show a clear movement 
toward higher post-test scores for physics students. For the participants' physics 
students, average gain scores of0.41(±0.18 1 st.dev) and 0.35(±0.14 st.dev) fall within 
Hake's "Medium-g" course range (Hake, 1998a). Average gain scores less than 0.3 are 
characteristic of traditional courses (Hake, 1998a). One goal of the UNI-PI was to teach 
physics in an IE manner and to produce physics teachers who would teach with IE 
methods. Therefore, a gain score in the "High-g" course range would be desirable, but 
gain scores above 0.3 are acceptable. In Hake's (1998a) study, traditional high school 
courses achieved an average gain of approximately 0.23 while IE high school courses 
attained 0.55±0.11 (1-s std. dev.). 
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2003 - 2004 Physics Student FCI Scores 
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FCI misconceptions analysis. Students hold misconceptions that the FCI is 
designed to measure. The misconceptions identified by Hestenes et al. ( 1992) were based 
on the 1992 exam. The 1995 revised exam is nearly identical to the original version. For 
this investigation, the taxonomy of misconceptions was revised to correspond to the 
updated 1995 FCI. 
Each question (See Table Cl found in Appendix C.) is designed to assess a 
particular force concept. If the student chooses the correct option, this investigator 
assumed they understand that concept. Conversely, if the student chooses an alternate 
option, they are claiming an alternate belief concerning that concept. Table C2 found in 
Appendix C classifies what misconceptions each question option identifies. For example, 
if the student chooses option "B" for question 19, Hestenes et al. (1992) believe the 
student does not discriminate between position and velocity. 
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For this investigation, each wrong answer was tabulated according to the revised 
summary of misconceptions for the pre-FCI and post-FCI. See Table C6 found in 
Appendix C for Participant and Physics Student FCI misconception analysis data. Figure 
8 shows the UNI-PI participants' results for the general FCI misconception analysis. All 
wrong choices for each concept section were combined for the pre- and post-FCI test. 
The effectiveness of the UNI-PI is generally evident since most percentages of 
misconceptions decreased post-FCI. 
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Figure 8 shows that UNI-PI participants had most difficulty with the 
Action/Reaction Pairs section (AIR Total), which corresponds to Newton's third law. On 
the pre-FCI, over 30% of participants chose wrong answers for questions relating to 
action/reaction pairs. Two subsections in this concept area are ARl and AR2. ARl 
denotes a belief that greater mass implies greater force and AR2 implies a belief that the 
most active agent produces greatest force (Hestenes et al., 1992). For the post-FCI, only 
5.7% of participants chose the wrong option in this category. Other misconceptions held 
by the UNI-Pl participants are shown in Figures 9 and 10. UNI-Pl participants also had 
difficulty with kinematics, belief in "impetus" and "active" forces and concatenation of 
influences. Despite the large increase in conceptual understanding in the action/reaction 
area, the lack of improvement in the other conceptual areas is disappointing. 
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Figures 9 and 10 illustrate the UNI-PI participants' specific misconceptions 
measured by the pre- and post-FCI. The top 10 areas of difficulty are reported in Table 6. 
A benefit of the UNI-PI is evident in Table 6 since all top 10 areas of difficulty reported 
improvement that ranged from 2% to 31 %, with an overall average of 13.4%. 
Participants chose more wrong answers on the post-FCI for eight subsections than on the 
pre-FCI. These were 13, 14, AF5, Ob, NCF, R3, G3 and G4. Although disconcerting, the 
average drop was only 5%, which is much less than the improvement of 13.4%. Two 
possible reasons for more wrong options are, first, participants who chose wrong answers 
on the pre-test could have chosen another wrong answer on the post-test and second, 
participants choosing correctly on the pre-test could have changed to a wrong option on 
the post-test. Likely the net outcome is a combination of these factors. Table 7 reports 
the top ten FCI misconception improvement categories. These were likely areas where 
the UNI-PI influence was strongest. 
Table 6 
Top JO FCI Concept Area Subsections of Difficulty for 2002 UNI-PI Participants 
¾of %of 
Participants Participants 
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FCI Misconception Analysis choosing choosing % Difference 
wrong wrong (pre - post) 
option on option on 
pre-FCI* post-FCI* 
I1. Impetus supplied by "hit" 46.7 42.2 4.4 
AF2. Motion implies active force 42.2 40.0 2.2 
R2. Motion when force overcomes resistance 40.0 13.3 26.7 
Rl. Mass makes things stop 40.0 36.7 3.3 
CI 1. Largest force determines motion 40.0 33.3 6.7 
AR2. Most active agent produces greatest force 37.8 6.7 31.1 
Kl. Position-velocity undiscriminated 33.3 26.7 6.7 
AF6. Force causes acceleration to terminal velocity 28.9 15.6 13.3 
AF7. Active force wears out 26.7 6.7 20.0 
ARI. Greater mass implies greater force 25.0 5.0 20.0 
*In order of greatest percentage of participants choosing wrong answers for the pre-FCI) 
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Table 7 
Top JO FCI Misconception Improvements for UNI-PI Participants 
% of UNI-PI 
FCI Misconception Analysis Participants choosing in pre-FCI - % choosing in 
post-FCI 
AR2. most active agent produces greatest force 31.11 
R2. motion when force overcomes resistance 26.67 
AF7. active force wears out 20.00 
ARI. greater mass implies greater force 20.00 
AF6. force causes acceleration to terminal velocity 13.33 
CB. last force to act determines motion 11.67 
15. circular impetus 10.00 
AFl. only active agents exert forces 8.00 
Kl. position-velocity undiscriminated 6.67 
K3. nonvectorial velocity composition 6.67 
Figure 11 shows misconception results for participants and their students. Physics 
students had similar patterns of misconceptions on the FCI as their instructors. Table C6 
found in Appendix C contains the complete FCI physics student misconception analysis. 
Students' area of greatest difficulty was the Action/Reaction concept area (AIR Total). 
Overall, the physics students had more difficulty than the UNI-PI participants on all 
concept areas. This is expected since the physics students had much less background and 
experience than the participants and therefore they likely had less conceptual 
development also. 
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In addition, Figure 11 also reports little difference between the 2002-2003 and 
2003-2004 physics students' FCI misconception results. The UNI-PI participants' 
involvement in the second session of the UNI-PI did not appear to influence their physics 
students' conceptual understanding in Newtonian mechanics. Possible reasons for this 
will be discussed in Chapter 5. Figures 12 and 13 show the physics students' results for 
all subsections in each FCI concept area. The physics students in both years had 
difficulty in similar subsection concept areas as their instructors. 
70 
10 
0 
-
- -
I 
- -
FCI Misconception Analysis (Concept Areas 1-3) 
Physics Students 
~ f---
- -
f--- - . - - ·-~ 1111 SJ 
80 
- -• 02 03 Phy Pre FCJ -
1:102-03 Phy Post-FCI 
-
• 03-04 Phy Prc-FCI 
rsJ 03-04 Phy Pos t-FCI -
f-----
f-----
f---
-
~ 
f---
-
f---
Kl. K2. K3. 11. 12. 13. 14. 15. AF!. AF2. AF3. AF4. AF5. AF6. AF7. 
FCI Taxonomy Code Area 
FIGURE 12. Physics Student FCI Misconception Analysis, Concept Areas 1-3 
FCI Misconception Analysis (Concept Areas 4-6) 
Physics Students 
u 90.0 ~------------------------------~ 
l so.o -+-------------------------
~ 
0 
-~ 70.0 -+------<1---------------------
::E 
.s 60.0 
"' g 50.0 -+---r-H 
..i:::: 
u 
s 40.0 
~ 
~ E 30.0 
v:i 
'o 20.0 
"i': 8 10.0 
Cl) 
t:l.. 
• 02-03 Phy Pre-FCI 
la 02-03 Phy Post-FCI 
• 03-04 Phy Pre-FCI 
19 03-04 Phy Post-FCI 
ARI. AR2. Cl!. CI2. CI3. CF. Ob. NCF. NT. TW. RI. R2. R3. GI. G2. G3. Gt GS. 
FCI Taxonomy Code Area 
FIGURE 13. Physics Student FCI Misconception Analysis, Concept Areas 4-6 
The top areas of difficulty for physics students in 2002-2003 and 2003-2004 on 
the FCI are shown in Table 8 with the complete FCI physics students misconception 
analysis found in Table C6 of Appendix C. Physics students in both years made more 
correct choices on the post-FCI than the pre-FCI in the six broad FCI areas. However, 
they showed less conceptual understanding in some concept area subsections. 
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Question number five, about a ball traveling at high speed through a segment of a 
frictionless, circular channel, is a new one on the 1995 FCI version. For the year 2002-
2003, 24% of students chose either wrong option A or wrong option C for question five 
on the pre-FCI, while 49% chose the wrong option on the post-FCI, a disappointing 
increase of25%. For 2003-2004, 52% of students chose one of the two wrong options 
on the pre-test FCI, and only 41 % chose wrong options on the post-FCI, an improvement 
of 11 %. The correct interpretation of this question requires students to recognize that 
gravity and centripetal force are the forces acting on the ball when it is within the 
channel. Options A and C do not recognize centripetal force as a force acting on the ball. 
Possible explanations of overall misconception scores are similar to those discussed for 
the participants, but why more students chose these wrong options in some cases is 
unclear. 
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Table 8 
FCI Concept Area Subsections of Difficulty for Physics Students 
% of02- % of02- % of03- % of03-
03 Phy. 03 Phy. 02-03 % 04 Phy. 04 Phy. 03-04 % 
students students Difference students students Difference FCI Misconception Analysis choosing choosing (pre - choosing choosing (pre -
wrong wrong post) wrong wrong post) 
option on option on option on option on 
pre-FCI* post-FCI* pre-FCI* post-FCI* 
CII .Largest force 64.6 55.5 9.1 76.6 58.8 17.8 determines motion 
R2. Motion when force 64.0 33.5 30.5 62.3 47.1 15.3 
overcomes resistance 
I I .Impetus supplied by "hit" 50.7 42.9 7.8 52.4 45.6 6.8 
AR2. Most active agent 
produces greatest force 
50.5 20.9 29.5 53.7 19.6 34.1 
RI. Mass makes things stop 50.3 33.8 16.4 50.0 37.5 12.5 
Kl. Position-velocity 44.6 39.6 4.9 48.1 42.6 5.4 
undiscriminated 
AF7. Active force wears out 41.7 18.9 22.8 28.6 27.9 0.6 
ARI. Greater mass implies 41.0 12.2 28.8 37.0 10.3 26.7 greater force 
AF2. Motion implies active 39.4 39.2 0.2 62.3 48.5 13.8 force 
K2. Velocity-acceleration 38.0 20.1 17.9 37.0 19.9 17.2 
undiscriminated 
NCF. No centripetal force 24.0 49.4 -25.4 51.9 41.2 10.8 
K3. Nonvectorial velocity 21.7 23.2 -1.5 19.5 30.9 -11.4 
composition 
Phy. = Physics 
*In order of greatest percentage of students choosing wrong options for the pre-FCI 
For the year 2003-2004, 20% of students on the pre-FCI ( compared to 31 % on the 
post-FCI) chose an answer relating to the misconception that velocity is arithmetically 
added (rather than vectorially), an increase of 11 %, while results for 2002-2003 were 
essentially the same for pre-FCI and post-FCI. Although choosing more wrong answers 
post-instruction than pre-instruction is concerning, many factors can influence such 
results. One consideration is that results were inconsistent between 2002-2003 and 2003-
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2004, for both the centripetal force and velocity vector addition questions, thus a strong 
conclusion cannot be reached. Analyzing students' pre- and post-test scores and answer 
choices provides insight into the effectiveness of instruction and how well students 
gained conceptual understanding. Instances like this provide an opportunity to critically 
evaluate how instruction can be improved. 
TUG-K score results. The Test of Understanding Graphs in Kinematics (TUG-K) 
provided similar information as the FCI, namely a robust set of results with respect to 
ability to correlate with known independent variables such as number of physics semester 
hours completed by the participants. 
Unlike the FCI, the author ofTUG-K does not give a "threshold" score for 
understanding the concepts in the assessment. As discussed in Chapter 2, this 
investigation will use the FCI 80% correct as a threshold for mastery level understanding 
of kinematics graphs. Similarly, the use of gain scores will be applied to the TUG-K to 
provide a normalized method of analyzing pre- to post-test score gain. Also, average 
normalized gain as defined in Chapter 1 will be used for the TUG-K analyses. 
Discussions will include individual participant results, participant group averages and 
student group averages. Complete data sets of all individual and student group scores are 
reported in Tables D 1, D2, and D3 found in Appendix D. 
The UNI-PI participants took the pre-TUG-K before instruction began and the 
post-test following instruction in the first UNI-PI session. Figure 14 illustrates these 
results, which indicate general improvement for all participants but not to the mastery 
level (of 80%) for all participants. Table 9 is a summary of participants' and student 
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results on the TUG-K. The post-TUG-K average for all participants was 70.5% correct, a 
gain of 0.42 from the pre-test, and six participants scored above 90 percent on the post-
TUG-K. A statistically significant difference was observed between pre- and post-TUG-
K participant scores because r = 0 (n=13 nonzero differences) is less than critical r = 1 at 
99% confidence when the two-sided Wilcoxon Signed-Ranks test is applied (Natrella, 
1963). 
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Table 9 
Summary of UNI-PI Participants' and Student TUG-K Results 
Pre-TUG-K (% Post-TUG-K (% TUG-K Group 
correct) correct) Average Gain 
UNI-PI Participants 49.5 70.5 0.42 
2002-2003 Physics Students 18.l 61.2 0.52 
2003-2004 Physics Students 19.9 57.6 0.47 
Unlike the FCI data, the participants' scores were not clearly "clustered" into 
three distinct groups. However, applying the same principles as the FCI grouping reveals 
similar information. One participant group showed little improvement from pre- to 
post-test (shown as asterisks in Figure 14), one group of participants scored near the 
mastery level (80-100%) on the pre- and post-test (shown as black circles in Figure 14) 
and a third group had diverse scores but demonstrated improvement from pre-to post-test 
(shown as gray diamonds in Figure 14). These results closely align with the FCI results. 
The three groups of participants on average had dissimilar backgrounds in physics before 
the UNI-PI, which is shown by the number of semester hours in physics completed 
before the UNI-PI: 
• 8.4 physics semester hour average for the four participants near the 
proficiency level, 
• 6.6 physics semester hour average for the group demonstrating the most 
improvement, and 
• 4.3 physics semester hour average for the group showing the least 
improvement. 
These results indicate a positive relationship between the number of physics 
semester hours completed before the UNI-PI and participant ability to perform well on 
the TUG-K. These results also suggest that at least 6 physics semester hours should be 
completed before participation in a program like the UNI-PI. Due to the more 
mathematical nature of the TUG-K, the participants' number of semester hours in 
mathematics would be interesting information to obtain. 
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Analyzing the UNI-PI participants' pre- and post-TUG-K results with their scores 
on the Maleki-Thoresen ( 1998) Math Diagnostic reveals a strong relationship (Figure 15). 
The TUG-K contains graphs and analysis questions, so a relationship is expected between 
these two tests. This result suggests that math background may be needed for a 
participant to be successful at understanding TUG-K concepts after a four-week program 
like the UNI-PI. 
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The TUG-K results confirmed a relationship between participants' education and 
conceptual knowledge of kinematics graphs (Figure 16), but no relationship existed for 
teaching experience (Figure 17). These results are consistent with similar comparisons of 
FCI test scores, years of teaching experience, and hours of physics instruction. 
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Figure 18 reports both years of physics student TUG-K results for each participant 
class. Complete scores are reported in Tables D2 and D3 found in Appendix D. Unlike 
the participants' results reported in Figure 14, pre-test scores are clustered for all students 
rather than evenly distributed for the participants. The post-test scores of physics 
students were mostly in the mid-range of participants. Pre-TUG-K results show the 
average correct score was 18.1 % and 19.9% for physics students in 2002-2003 and 2003-
2004, respectively. 
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Post-TUG-K results for physics students in 2002-2003 and 2003-2004 were 61.2% 
correct and 57.6% correct, a gain of0.52(±0.15 ls st.dev.) and 0.47(±0.10 ls, st.dev.), 
respectively. Similar to the FCI scores, after considering the standard deviations, the 
gain scores of the two years are nearly identical. Figures 19 and 20 show positive 
movement from pre- to post-TUG-K scores. 
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As expected, both years show a statistically significant difference between class 
average pre- and post- TUG-K scores for physics students (2002-2003: N=9 classes, 
ta=9.575 > tc=2.120 at 95% probability; 2003-2004: N=5 classes, ta=8.506 > 2.306 at 95% 
probability). The physics students' knowledge about kinematics graphs was assumed 
negligible before instruction. Successful instruction should improve their understanding 
and thus their post-test TUG-K scores. 
Investigating multi-year effectiveness of the UNI-PI reveals that physics students 
in 2002-2003 did better than physics students in 2003-2004 (with a higher post-TUG-K 
and gain score). However, the lower scores in 2003-2004 were not statistically 
significantly lower (ta=-0.6828 < tc=2.179 at 95% probability, tc= 1. 782 at 90% 
probability). Possible reasons for this will be discussed in Chapter 5. All gains were 
greater than 0.4 for physics students, which is an acceptable average gain score for IE 
methods classes according to Hake (1998a). 
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TUG-K misconception analysis. Figure 21 shows the UNI-PI participants' and 
published results (Beichner, 1994) for the TUG-K misconception analysis. Objective 
four ( determining change in velocity given an acceleration - time graph) was the most 
difficult for the UNI-PI participants, with 82.2 percent of participants choosing wrong 
answers for the three questions in that objective. To determine the change in velocity 
from an acceleration - time graph, the area underneath the curve needs to be calculated. 
Beichner (1994) identifies that "students often perform slope calculations or 
inappropriately use axis values when area calculations are required" (p.755) so the UNI-
PI participants' difficulty with this objective is not surprising. The UNI-PI participants 
performed more favorably on the post-TUG-Kon all objectives, as shown in Figure 21. 
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Beichner (1994) gave 524 junior and senior high school students the assessment 
as a post-test following instruction in kinematics graphs. The UNI-PI participants chose 
fewer wrong responses than Beichner's (1994) students on all TUG-K objectives except 
Objective four on the pre-TUG-K. This is not surprising since the UNI-PI participants 
have likely received more instruction in kinematics graphing than high school students. 
Though most had not taken many physics courses, they probably had been exposed to 
kinematics graphing in their college courses or the curriculum they teach. 
Figure 22 shows the TUG-K misconception analysis for physics students of both 
years. All TUG-K objectives were difficult for the physics students. Similar to the UNI-
PI participants, objective four was the most difficult. Figure 22 also includes results from 
Beichner's (1994) post-TUG-K data from 524 junior and senior high school students. 
The high school students in Beichner's (1994) study had already been exposed to 
kinematics through traditional instruction, so the TUG-K was used as a post-instruction 
assessment. UNI-PI participants' physics students consistently performed better on all 
TUG-K objectives than the students in Beichner's (1994) study. Beichner's (1994) 
research did not specify how the students were instructed or average school academic 
performance so comparing these two groups is difficult. However, the UNI-PI 
participants' students' better performance on the post-TU G-K than the students in 
Beichner's (1994) study is encouraging, and suggests success of the UNI-PI. 
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UNI-PI Participant Journal Analysis. The 12 participants of the first UNI-PI 
session kept reflection journals during this time. Twelve participants continued their 
journals through the 2002-2003 school year and through the 2003 UNI-PI summer 
sess10n. 
The participant reflection journals record evidence of the participants' : 
• conceptual growth and change 
• challenges of learning new teaching methods and 
• progress implementing new teaching methods 
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The journals reflect the participants' feelings regarding their physics content 
ability and understanding. Participants were surprised at their lack of understanding at 
the beginning of the Institute: "It is interesting to me that even we, as teachers, have some 
misconceptions about the topics that we teach" and "It had never occurred to me that I 
may not be fully understanding ... by using given formulas" are quotes from two 
participants. One participant reported that "My lack of content knowledge is really 
making me feel handicapped." The improved post-FCI and TUG-K scores from the 
summer 2002 UNI-PI session indicate the participants' conceptual understanding growth. 
Leaming new teaching methods was challenging for some participants and the 
process was often difficult. Many of the methods the UNI-PI emphasized were 
unfamiliar to participants. One participant had "never heard of modeling before" and 
didn't "have a clue as to what it pertains to." During the UNI-PI, the participants were 
students again, and this was often an uncomfortable experience: "I felt pretty insecure 
and frustrated when I was up in front of the class during the white boarding sessions" 
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wrote one participant, "In my classroom I am in charge and I have all the answers, but in 
this situation I was the student and being 'grilled' about the information I was presenting 
and that is pretty intimidating." However, the difficult experience of thinking in new 
ways was often reported as a positive growth change in the end: "I think the whole 
experience is necessary, otherwise we wouldn't fully understand what the students were 
going through if we were to try it in our classes" commented one participant. 
The participants' journals during the 2002-2003 school year provided week-by-
week pictures of their classrooms as they put the physics content understanding and new 
teaching methods into practice. Participants reported, "Most of all, this [ white-boarding] 
is a much better tool to assess understanding rather than grading homework turned in on 
paper and checked for right or wrong answers" and "I can see where my students will 
learn more by developing the equations themselves." Finally, one participant commented 
that "everything I have been exposed to this summer will have an impact on my 
teaching." The UNI-PI participant reflection journals provided useful information to 
strengthen and confirm data collected by other instruments in this study, and will provide 
valuable insight for Chapter 5. 
FMCE results. The FMCE was given to four UNI-PI participants one year after 
the last UNI-PI summer session to investigate long-term conceptual understanding of 
Newtonian Mechanics. Table 10 shows the FMCE results for Participants A, B, C, and 
D, and for additional comparison, their Math Diagnostic score and pre- and post-test FCI 
and TUG-K scores. All results are consistent, namely, participant D had the lowest post-
test scores. In addition, scores of participant A were lower than scores of B and C. 
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Table 10 
UNI-PI Volunteer Participants FMCE and Conceptual Assessments Results 
UNI-PI - Selected Participants' FMCE and Conceptual Assessment Data 
FMCE FMCE Math pre-FCI post- pre- post-Code score ( 47 % Diagnostic % FCI¾ TUG-K TUG-K possible) % % % 
A 36 77 75 33 73 33 76 
B 47 100 75 93 97 76 100 
C 47 100 87.5 83 83 62 90 
D 7 15 45.8 43 53 29 29 
Average 34.25 73 71 63 77 50 74 
Total 47 100 100 100 100 100 100 Possible 
Standard 19 40 18 29 18 23 32 Deviation 
The FMCE average of73.4 % correct is not very informative due to the wide 
range of scores (standard deviation of 40%). Two participants (Band C) answered all of 
the FMCE questions correctly, Participant A missed 11 questions and Participant D 
missed 39 questions. 
An additional indicator ofFMCE success was the participants' education in 
physics prior to the UNI-PI. Participants A, B, and Chad all completed 8 to 10 semester 
hours in physics before coming to the UNI-PI while Participant D had completed less 
than three (a specific number was not specified). Though Participant A's FMCE score 
was noticeably lower than Band C's, it was still significantly higher than Participant D's 
score. Therefore this data shows that for these participants, the UNI-PI combined with 
the additional hours in physics was more influential than just the UNI-PI alone. 
Michael Wittmann (2001) devised a rubric for the FMCE connecting 38 of the 
questions with five basic Newtonian Mechanics concepts: velocity, acceleration, 
Newton's first and second laws, Newton's third law, and energy. Table 11 shows the 
results of the FMCE for each subsection for each participant. 
Table 11 
UNI-Pl Participants A, B, C, and D FMCE Subsection Results 
FMCE Results by Concept Area(% correct) 
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Concept Area Participant A Participant B Participant C Participant D 
Velocity 56 100 100 6 
Acceleration 83 100 100 0 
Newton's 1st and 2nd laws 100 100 100 0 
Newton's 3rd law 100 100 100 100 
Energy 100 100 100 25 
Overall Average: 77 100 100 15 
Participants Band C's high scores on the FMCE are not surprising due to their 
background in physics and high post-test scores on the FCI and TUG-K. Participant A's 
scores were somewhat unexpected, since this participant reported taking the same number 
of physics semester hours as B and C prior to the UNI-PL However, this participant's 
FCI and TUG-K post-test scores were lower than Participants Band C and can account 
for the lower FMCE score. As noted previously, specific details about physics course 
content was not available, therefore Participant A may not have taken physics courses at 
the same level of difficulty as Participants B and C. Finally, Participant D had minimal 
prior physics instruction and performed poorly on all three assessments. 
An important observation is that Participants A, B, and C all experienced gains 
from the pre- to post-FCI and TUG-K assessments, therefore, the UNI-PI helped these 
participants achieve higher scores on all conceptual assessments. The UNI.,PI was also 
effective for Participant Don the post-FCI, who came into the UNI-PI with minimal 
physics background. 
Self Reporting Instructional Practices Questionnaire Analysis 
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The volunteer participants' responses on the SRIPQ (See Appendix F for 
instrument) were analyzed to determine the effect of the UNI-PI on participants' 
instructional methods, practices and beliefs. Previously discussed in Chapter 3, the 
SRIPQ was based on a self-reporting questionnaire used by Hake (1997) in his research 
concerning IE versus traditional methods. Table 12 shows the average number of 
participants using each category of instructional method, the average frequency of use 
and the average confidence level using each. Table F 1 found in Appendix F defines how 
instructional methods were classified as traditional or IE. 
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Table 12 
SRIPQ Classroom Instructional Methods Responses 
Average number of participants using instructional 
method in class for Participants A, B, C, and D 
Category Before UNI-PI After UNI-PI 
Traditional 3.7 1.8 
Medium 2.1 3.2 IE 
IE 1.1 3.4 
Average frequency of use of instructional method in 
class 
(1 = never used, 5 = used often) 
Traditional 3.6 3.0 
Medium 2.8 3.5 IE 
IE 2.7 4.5 
Average confidence level of classroom instructional 
practice use 
(1 = not confident using, 5 = very confident using) 
Traditional 3.9 4.6 
IE 2.7 4.0 
The SRIPQ results indicate greater use ofIE methods after the UNI-PI than 
before. In addition, the participants reported having more confidence using both 
traditional and IE methods in class than before the UNI-PI. The UNI-PI desired to teach 
participants conceptual knowledge about physics and how to teach physics in an IE 
environment. Many of the participants had very limited backgrounds in physics. They 
were likely not confident in physics content or teaching methods prior to the UNI-PI. 
Therefore, the participants' report of increased confidence in traditional methods as well 
as IE methods was expected. The SRIPQ results verify that the UNI-PI likely influenced 
the volunteer participants to use IE methods in favor of traditional methods and to have 
more confidence teaching both methods. 
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Table F2 found in Appendix F defines how instructional materials were classified 
as traditional or IE and Table 13 shows the average number of participants using 
categories of instructional materials. Many of the instructional materials listed in Table 
F2 were defined in Chapter 1. 
Table 13 
SRIPQ Instructional Materials Responses 
Average number of participants using instructional 
materials 
Category Before UNI-PI After UNI-PI 
Traditional 2.8 1 
IE 0.5 2 
Average confidence level of instructional material 
use 
(1 = not confident using, 5 = very confident using) 
IE 1.7 4.5 
Participants A, B, C, and D reported lower use of traditional materials and larger 
use oflE materials from pre- to post-UNI-PL When asked to report how confident they 
felt using IE instructional materials, the participants reported being not very confident 
pre-UNI-PI to being very confident post-UNI-PL 
Table F3 found in Appendix F shows how laboratory instructional methods were 
categorized into either traditional, medium-IE or IE on the SRIPQ and Table 14 presents 
the responses of Participants A-Don how often they use these types oflaboratory 
instructional methods. 
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Table 14 
SRIPQ Laboratory Instructional Methods Responses 
Average frequency of use of instructional method in 
laboratory 
Category Before UNI-PI After UNI-PI 
( 1 = never used, 5 = used often) 
Traditional 4.0 1.8 
Medium 2.8 4.0 IE 
IE 1.5 3.5 
Average confidence level of laboratory instructional 
practice use by category 
(1 = not comfortable giving students, 5 = 
comfortable giving students) 
Traditional 4.3 3.8 
Medium 3.3 4.0 IE 
IE 2.0 4.0 
Table 14 reports the SRIPQ survey indicated lower frequency of traditional labs, 
more frequency ofIE labs, and the most frequency of Medium-IE labs for the volunteer 
participants. Also, the participants' confidence level using Medium-IE and IE labs 
increased while their confidence level using traditional labs decreased. The decrease in 
average confidence level of using traditional labs may be slightly misleading. The 
SRIPQ reads, "During lab/activity times, I am ( comfortable, not comfortable) giving the 
students ... A lab with specific, outlined procedures (one specific outcome is required)." 
Participants may have believed "comfortable or not comfortable" related not to 
confidence, but what they felt was best for their students. Overall, the UNI-PI appeared 
to encourage the volunteer participants to use more IE labs and to be more comfortable 
giving IE types of laboratories. 
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Table F4 found in Appendix F reports the definitions for categories of 
instructional beliefs measured by the SRIPQ and Table 15 shows the responses to SRIPQ 
questions on pre- and post-UNI-PI beliefs and emphases. The volunteer participants 
report believing less in traditional instruction and more in medium-IE and IE instruction 
after the UNI-PI than before. One of the UNI-PI goals was to encourage participants to 
teach with IE methods. The responses on the SRIPQ reveal the UNI-PI may have 
influenced Participants A-D to have more IE type beliefs than they did before the UNI-
PI. 
Table 15 
SRJPQ Instructional Beliefs Responses 
Average level of instructional belief by category* 
Category Before UNI-PI After UNI-PI 
(1 = do not believe/emphasize, 5 = believe/heavily 
emphasize) 
Traditional 3.9 3.1 
Medium 3.3 4.3 IE 
IE 2.7 4.3 
Table 16 shows the average number of participants (population A, B, C, and D) 
using specific technologies pre- and post-UNI-PI and the average confidence level using 
a select group of technologies. The SRIPQ results reveal more technology used post-
UNI-PI by the volunteer participants than before. The largest increase was in computer-
based laboratory tools, which increased from one to four participants. Further, the 
average confidence level for use of technology increased from virtually no confidence to 
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just above moderate confidence. Therefore, the UNI-PI appears to have influenced the 
amount of technology and confidence level of Participants A, B, C, and D. 
Table 16 
SRIPQ Specific Technologies Responses 
Average Number of Participants Utilizing Specific Technology 
Specific Before UNI-PI After UNI-PI Technology 
Films 2 1 
Computers 3 4 
Lab Pro Software 1 3 
Graphical Analysis 1 3 
Excel 1 2 
Computer-based 
laboratory tools 1 4 
computer/ calculator 
Hand-held 2 3 
calculators 
Hand-held 
graphing 0 2 
calculators 
Internet 2 4 
Average 1.4 2.9 
Average confidence level of technology use by 
category 
(1 = not confident using, 5 = very confident 
using) 
Specific Before UNI-PI After UNI-PI Technology 
Computer 1.5 4.5 
Graphing 0.8 3.0 Calculators 
MBL's 1.0 3.0 
Average 1.1 3.5 
Participants A, B, C, and D were asked to report how often they used specific 
types of assessments (shown in Table 17) and how confident they felt using them. 
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Paper/pencil exams were the only type of traditional assessment listed on the SRIPQ and 
was therefore not included in the total averages. Pre- and Post-UNI-PI, Participants A-D 
report using paper/pencil exams and concept maps with the same frequency, and reported 
an increase in frequency with all other types of assessment listed. Further, Participants 
A-D reported being more confident using all types of assessments listed on the SRIPQ 
after the UNI-PL If the UNI-PI were successful at increasing participants' physics 
conceptual knowledge and teaching ability, that Participants A-D reported having 
increased confidence using more open-ended exams is not surprising. Paper/pencil 
exams are often written by a book publisher or are written in a way such that they are 
objectively graded, and a teacher does not necessarily need to understand the content to 
grade the test correctly. The nature of laboratory assessments, concept maps and student 
presentations are more subjective. The UNI-PI appears to have influenced Participants 
A-D to use more subjective assessments and be more confident using them. This is 
expected since the UNI-PI emphasized using student presentations through white-
boarding, student/teacher Socratic questioning and performance lab assessments. 
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Table 17 
SRIPQ Assessments Responses 
Average frequency of types of assessments used 
Assessment type (1 = not used at all, 5 = frequently used) 
Before UNI-PI After UNI-PI 
Paper/pencil exams* 4.0 4.0 
Student evaluations for 1.5 2.0 
rating teachers 
Student evaluations for 1.5 2.8 
opinions about course 
Oral exams/questioning 1.8 3.5 ( individual students) 
Oral exams/questioning 1.8 3.8 ( student groups) 
Student portfolios 1.8 2.8 
Student presentations 2.0 4.0 
Student projects 2.3 3.5 
Concept maps 2.0 2.0 
Laboratory assessments 1.8 3.8 
Average 1.8 3.1 
Average confidence level of giving types of assessments 
Assessment type (1 = not confident giving, 5 = very confident giving) 
Before UNI-PI After UNI-PI 
Paper/pencil exams* 4.3 4.8 
Oral exams/questioning 1.8 4.3 ( individual students) 
Oral exams/questioning 1.8 4.3 ( student groups) 
Student portfolios 1.8 3.5 
Student presentations 2.0 4.3 
Student proiects 2.3 4.0 
Concept maps 1.8 2.5 
Laboratory assessments 2.0 4.0 
Average 1.9 3.8 
*Paper/pencil exams not included in averages because it is considered a traditional 
assessment 
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The SRIPQ also asked Participants A, B, C, and D to report the curriculum they 
taught before and after their involvement with the UNI-PL Each of the four participants 
reported they have the freedom to change or modify some ( or all) areas of their 
curriculum, but most are required to adhere to district or other standards. 
Table 18 and Figure 24 report that the volunteer participants taught more 
curriculum areas post-UNI-PI than pre-UNI-PI and had more confidence in teaching each 
area. Specifically the areas of Kinematics, Forces, Momentum, Physics in Everyday 
Life, Integration of Physics with other disciplines, Math and Physics Integration and 2-D 
motion increased the greatest from pre- to post-UNI-PL Further, the volunteer 
participants reported having more confidence teaching all topics listed and in particular: 
Kinematics, Momentum, 2-D Motion, Modem Physics, Forces, Electrostatics, Vectors, 
Science and Technology and Integration with other disciplines. SRIPQ results indicate 
the UNI-PI influenced the volunteer participants to teach more topics and be more 
confident to teach in more content areas. 
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Table 18 
SRIPQ Curriculum Responses 
Average frequency of topic coverage in curriculum 
Topic (1 = not covered at all, 5 = heavily emphasized) 
Before UNI-PI After UNI-PI 
Kinematics 2.5 4.5 
"Modern" (post-1907) physics 1.0 2.0 
Forces 3.3 5.0 
Measurement 3.5 4.0 
Momentum 2.5 4.0 
Electrostatics 1.3 1.3 
Electricity 1.8 2.0 
Magnetism 1.8 2.0 
Vector 3.0 4.0 
2-D Motion 2.5 3.8 
Science and society 2.0 2.8 
Science and technology 2.0 3.3 
Physics in everyday life 2.3 3.8 
Environmental physics 1.3 1.3 
History of science 1.7 2.3 
Math and Physics Integration 2.3 3.5 
Integration with other disciplines 1.8 3.3 
Average 2.1 3.1 
Average confidence level of teaching specific topic in curriculum 
Topic (1 = not confident teaching, 5 = very confident teaching 
Before UNI-PI After UNI-PI 
Kinematics 2.0 4.5 
"Modern" (post-1907) physics 1.0 3.0 
Forces 2.8 4.8 
Measurement 3.5 4.3 
Momentum 2.3 4.8 
Electrostatics 1.3 3.3 
Electricity 1.3 3.0 
Magnetism 1.8 3.5 
Vector 2.7 4.7 
2-D Motion 2.3 4.8 
Science and society 2.3 3.5 
Science and technology 2.3 4.3 
Physics in everyday life 2.8 4.5 
Environmental physics 2.0 2.7 
History of science 3.0 3.7 
Math and Physics Integration 2.5 4.3 
Integration with other disciplines 1.8 3.8 
Average 2.2 3.9 
~ 
z 
Average Frequency and Confidence Level of Topic 
Coverage 
5.0 ~----------11--------~ 
% ~ 
% 11 % 
% % % 
4 
· O -1-.----,--,-ve,_,,r..,...ag,...,e,----~•,-~i 
% 11 11 
% % • 
=> 3.0 -~--------""------------I 
.... 
Cl) 
:1i 
11 
t 
m Average Frequency of Topic O:lverage 
:I:: Average O:lnfidence Level of Teaching 
Specific Topics 
1.0 ¥-----~---~----~------I 
1.0 2.0 3.0 
Before UNI-Pl 
4.0 5.0 
FIGURE 23. Average Frequency and Confidence Level of Topic Coverage in 
Curriculum for Participants A, B, C, and D 
In conclusion, the UNI-PI was effective at changing the instructional practices 
and beliefs of Participants A, B, C, and D, based on their responses on the SRIPQ. 
Journals written by these and other UNI-PI participants confirm these SRIPQ 
observations. 
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CHAPTERS 
SUMMARY AND CONCLUSIONS 
Introduction 
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The objectives of the UNI-PI were improved teacher conceptual understanding of 
physics content and instructional practices and conceptual growth of their students. The 
objective of this research was to investigate the effectiveness of the UNI-Pl. Several 
evaluation techniques were employed to achieve this research objective. The FCI and 
TUG-K conceptual physics assessments were administered to UNI-PI participants and 
their students. The FCME physics test and the SRIPQ, an evaluation of teaching 
practices, were administered to a select group of four UNI-PI participants. These tests 
were described in Chapters 2 and 3. To aid assessment, five null hypotheses were 
developed. In the following discussion, each hypothesis will be examined to justify 
conclusions regarding the effectiveness of the UNI-Pl. Discussion will also include 
limitations, significance, implications for science teaching, and suggestions for future 
research. 
First Null hypothesis 
"The UNI Physics Institute had no effect upon the participants' conceptual 
understanding as measured by a conceptual assessment" is rejected based on the results 
of the FCI and TUG-K pre- and post-tests. The UNI-PI benefit was evident because 
participants' pre- and post-test scores showed a significant difference and a positive 
change in physics conceptual understanding. Specific results of participant pre- and post-
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scores for FCI and TUG-K were average gains <g> of 0.32 and 0.42, respectively. These 
gain scores fall in the "Medium-g" range (Hake, 1998a). Further, UNI-PI participants 
chose fewer FCI options associated with misconceptions on the post-FCI than the pre-
FCI. The improved FCI and TUG-K scores are most likely due to the UNI-PI because 
participants likely had no other physics instruction or access to other physics instruction 
or to other physics instructional materials during the intensive UNI-PI. 
Second Null Hypothesis 
"The UNI Physics Institute had no effect upon the participants' students' 
conceptual understanding as measured by the FCI and TUG-K," is unable to be either 
accepted or rejected, although student results were positive and encouraging. Student 
scores were higher and statistically significant at school year end than before. Average 
FCI gains for the first and second years were 0.41 and 0.35, respectively. Average TUG-
K gains were 0.52 and 0.47, respectively. All of these gain scores are in the Medium-g 
range indicative of IE-type instruction and also within Hake's (1998a) study of IE high 
school course FCI scores (Hake, 1998a). Since the UNI-PI objective was to provide 
participants with IE-type instruction methods to improve their students' conceptual 
understanding of physics, these test scores indicate program success and fulfillment of 
UNI-PI goals. However, a control group of students taught by instructors who did not 
participate in the UNI-PI was not available for this investigation. Therefore it is not 
possible to completely accept or reject the null hypothesis. 
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Third Null Hypothesis 
"After two years of UNI-PI instruction, the participants' students achieved no 
greater content understanding than those students who received instruction during the 
first year," is accepted due to comparison of student scores for both years ofFCI 
(0.41±0.18 and 0.35±0.14) and TUG-K (0.52±0.15 and 0.47±0.10) scores. Obviously, 
this outcome is disconcerting since the expectation was that scores would increase each 
year. However, confounding factors likely contributed to the similar scores such as 
normal variability in student population from 2002-2003 to 2003-2004 and no ICN 
academic seminar during the 2003-2004 academic year. Year-to-year student variability 
is expected and more than two years ofresearch is needed to diminish the effects of this 
variable. The academic seminar provided support and a platform for participants to ask 
UNI-PI faculty and staff questions they had regarding teaching physics. The lack of this 
seminar during the 2003-2004 school year could have hindered the participants' 
conceptual and instructional practice growth by not providing this support. 
The UNI-PI participant reflection journals give some evidence regarding why 
scores in 2002-2003 and 2003-2004 were similar which suggests another confounding 
factor. The journals during the 2002-2003 school year reported challenges the 
participants were having with new curriculum and methods of teaching. Many 
participants reported frustration and questions about the physics content that they hoped 
would be addressed in the next summer session. However, the 2003 summer session did 
not review force and motion, the topics of the 2002 summer session and the topics 
covered in FCI and TUG-K tests. Although participants likely received more instruction 
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about teaching methods in the second session, if they had questions concerning 
Newtonian Mechanics content or were still not comfortable with the content, as some 
reported in reflection journals, the 2003 UNI-PI summer session unlikely addressed 
those concerns. Consequently, the 2003-2004 students likely had no greater instruction 
than 2002-2003 students on topics relevant to the FCI and TUG-K tests. 
The 2003 UNI-PI summer session included new experiments and areas of 
technical focus (electricity, magnetism, optics, waves, sound, and modern physics) rather 
than additional focus on FCI or TUG-K topics. During the 2003-2004 academic year 
participants likely divided their teaching focus among more areas of instruction, thus 
resulting in another confounding factor, namely less focus on TUG-Kand FCI topics. 
Fourth Null Hypothesis 
"There was no relationship between the UNI-PI and participants' self-reported 
instructional practices," is rejected because the measures of instructional practices 
assessed by the SRIPQ indicate a strong relationship and the UNI-PI participant journals 
reported positive change. 
The SRIPQ measured four participants' perceptions of how their instructional 
practices and beliefs changed due to the UNI-PI. The analysis of the SRIPQ found the 
UNI-PI influenced this select group of participants in the following ways: 
• Higher use, frequency, and confidence level of specific IE instructional 
methods and materials, 
• Lower use and frequency of specific traditional instructional methods and 
materials, 
• Higher incidence of IE beliefs and emphases and lower incidence of 
traditional IE beliefs and emphases, 
• Higher use and confidence level using specific technologies, 
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• Higher frequency and confidence level using more subjective types of 
student assessments and lower frequency use of objective, traditional types of 
student assessments, 
• Higher frequency and confidence level of teaching all physics topics (listed 
on the SRIPQ) 
Therefore, the SRIPQ responses of Participants A, B, C, and D result in cautious 
rejection of the fourth null hypothesis. This null hypotheses is cautiously rejected due to 
the small sample size of the volunteer participants, all of who were most likely highly 
motivated and not a representative sample of the participant population. Furthermore, the 
UNI-PI participant reflection journals reported the UNI-PI influenced their instructional 
practices. One participant wrote, "I changed the way I teach." And another reported, "I 
know the things we did this summer changed my philosophy on teaching." The UNI-PI 
most likely influenced participants' instructional practices and beliefs. 
Fifth Null Hypothesis 
"The participants' previous educational experience and physics teaching 
experience were not related to their conceptual understanding," is partially accepted and 
partially rejected. Previous teaching experience appeared to have no relationship to 
conceptual understanding (Figures 4 and 17) as evaluated by the FCI and TUG-K pre-
and post-tests. Physics teaching experience was lacking for UNI-PI participants, 
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therefore observing no relationship between experience and FCI or TUG-K scores was 
reasonable. This result verifies the need for a program like the UNI-PI designed to help 
out-of-field instructors gain their physics teaching endorsement. Based on this result, 
teachers without a physics teaching endorsement do not gain conceptual knowledge 
merely by teaching the content; instruction is needed for this development. Prior 
educational background in physics yielded a statistically significant relationship (Figure 
3) to pre- and post FCI scores (p<0.01 and p < 0.02) and pre- and post TUG-K scores (p< 
0.001 and p < 0.04; Figure 16). In addition, FCI and TUG-K scores were consistent with 
teacher background conceptual understanding, such as Math Diagnostic test results, 
reported by participants (Figures 2 and 15). Though neither the FCI nor TUG-K require 
algebra or mathematical calculations, the TUG-K requires understanding of graphs and 
both require mathematical reasoning. 
These results indicate that participants who have completed six semester hours of 
physics course instruction are more successful in a program like the UNI-PI and gain 
more conceptual understanding as a result of its instruction than those with less 
background. Participants with insufficient physics or math background may not gain 
complete understanding of the concepts covered in the current UNI-PI. The specific 
nature of physics or math background needed to be successful in the UNI-PI remains 
unknown. Although the participants only provided the number of hours in physics they 
had completed before the Institute and not the course names, one can speculate the type 
of physics course(s) they completed. All of the UNI-PI participants had Iowa teaching 
licenses in either biology or chemistry. A UNI biology teaching undergraduate student is 
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required to take General Physics I, a four-hour course, and a UNI chemistry teaching 
undergraduate needs both General Physics I and II, a total of eight hours of physics 
semester hours. Therefore, a reasonable assumption for success in a program like the 
UNI-PI is to complete the equivalent of General Physics I (where Newtonian mechanics 
is emphasized) and General Physics II (where mechanics concepts are reinforced). The 
UNI-PI was structured as an 8-week professional development program that focused on 
IE-type instruction in two 4-week summer sessions. This format may not provide enough 
time to address some participants' existing misconceptions, or introduce all of the 
concepts General Physics I and II do and future programs may need to include remedial 
instruction to provide participants with sufficient foundation for the UNI-PI, such as a 
UNI-PI pre-PI that provides the background understanding covered in General Physics I 
and IL 
Limitations 
This section identifies limitations which hindered parts of the data analysis and 
conclusions, however these identified limitations provide important opportunities for 
developing improved follow-up studies: 
1. Student groups and schools were heterogeneous 
2. Teaching and educational backgrounds of participants were diverse. This 
diversity in background likely impacted study results due to variation of 
participant ability. FCI and TUG-K scores were strongly correlated to 
participants' prior math and physics background. In addition, the range of 
participant ability and conceptual understanding varied greatly. Though the 
117 
fifteen-participant group was an ideal size for UNI-Pl instruction, each 
participant entered the PI with a broad range of experience, previous 
education, attitude, aptitude, age, motivation and other important influences 
that caused difficulties in determining whether the UNI-PI was the sole 
influence on their learning and teaching. 
3. Considering the low sample size, even more limiting was the low response 
rate for 2003-2004 student test scores. In the 2002-2003 school year, 9 out of 
15 participants submitted both pre- and post-test physics student FCI and 
TUG-K data. In the 2003-2004 school year, only 4 participants who were 
involved in the first UNI-PI session submitted FCI and only 5 submitted 
TUG-K scores for their students. In 2003-04, five new participants were 
added so their results could not be compared with 2002/03. In 2002-2003, 
three participants were not teaching a physics class while the other three 
participants dropped out of the UNI-PI program and did not submit student 
scores. 
4. The lack of control groups was a limiting characteristic of this study, though 
this is common in educational research. Teacher and student pre- and post-
FCI and TUG-K scores from physics students taught by out-of-field 
instructors who had not participated in the UNI-PI may provide additional 
insight regarding the effectiveness of the Institute. 
5. The SRIPQ and UNI-PI participant reflection journals were limiting because 
they collected participants' self-reported practices and beliefs. The journals 
and SRIPQ were subjective and participants likely judged their reflections 
differently, thus limiting the accuracy of comparisons. 
Significance and Implications for Science Teaching 
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The SRIPQ and conceptual assessment results provide suggestions to improve 
future programs like the UNI-PI and science teaching in general. All volunteer 
participants reported their instructional practices and beliefs had changed following the 
UNI-PI from more traditional to IE instruction. Although the participants reported a 
major change in instruction, their students did not perform better on the conceptual 
assessments from 2002-2003 to 2003-2004. This result contradicts what is expected from 
previous research (Hake, 1987, Hestenes et al., 1992, Hake, 1998a). Possible 
explanations for why the UNI-PI participants' students' scores were lower than expected: 
1. The previous research needs improvement and benefits of IE methods over 
traditional methods are questionable, 
2. Implementation problems existed in the participants' IE methods, 
3. The participants did not have a strong enough grasp on the physics 
concepts themselves to teach them effectively to their students, or 
4. Confounding factors existed. 
First, research from respected peer-related journals is not likely to be entirely 
false. Possibly, the instructors and populations used in those studies were drastically 
different from the ones in this study, or the IE method of teaching is a good model, but 
perhaps could benefit from improvements. 
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Second, assuming IE methods are more beneficial to students than traditional, 
participants' students' low scores may have resulted from poor implementation of these 
methods, or the participants did not implement the methods at the level they indicated. 
Hake's (1998b) study resulted in further investigation of Low-g courses that gave Hake 
reason to assert their main difficulty was implementation errors. Further, minimal 
research exists regarding the length of time needed to successfully instruct teachers in IE 
methods. Hestenes et al. ( 1992) found the best results of interactive physics teaching 
being taught to another instructor required an internship-style approach for nearly one 
academic year. They also reported implementation problems in a group of teachers 
instructed in the same interactive method in a workshop setting (Hestenes et al., 1992). 
Although participants were required to be involved in an academic year seminar in 2002-
2003, the level of support provided was limited to a few Saturdays spread out through the 
year and did not involve Institute faculty and staff actually visiting classrooms and 
observing the participating teachers implement the instructional materials and methods 
introduced to them. Hake asserted that "prominent gain in students' conceptual 
understanding is much more likely to occur if ALL components of a course are tightly 
integrated in an IE mode" (Hake, 1998b, p.23). 
In addition, based on the UNI-PI participant journals during the 2002-2003 school 
year, clearly many participants were unable to implement all of the instructional 
materials due to lack of resources. Although participants were provided a $1000 stipend 
each summer to purchase materials, computers and other technology equipment is 
expensive. For example, a $ 1000 stipend could not fully equip a physics classroom with 
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all the necessary components to successfully implement the RealTime Physics Modules 
which are designed to focus on small student groups gathering computer-based data. As 
a result, many participants were restricted to using one computer and laboratory setup as 
a class demonstration, rather than small groups of students gathering data on their own, 
which is the preferred method and how the participants learned the material in the 
summer sessions. 
Third, the UNI-PI participants' lack of physics content knowledge possibly 
hindered their ability to teach physics effectively to their students. Comparing the scores 
of conceptual assessments and physics semester hours completed suggests that at least 6 
hours of physics instruction is recommended as a prerequisite for participation in the 
UNI-PI. Complete understanding of physics concepts was clearly lacking for many of 
the participants, as evidenced by their test scores and journal reflections. Also, the strong 
correlation between math and physics background and conceptual assessment score 
indicates participants with more conceptual understanding prior to the Institute performed 
better on these assessments after the Institute. A reasonable expectation is that a teacher 
with a more robust understanding of a topic is better equipped to teach the subject. Also, 
participants at the end of the first UNI-PI session may have had some lingering 
misconceptions (as evidenced by low post-test conceptual assessment scores) that were 
not addressed after the first year of implementation. Due to the different content taught 
in the second UNI-PI session, these misconceptions may not have been addressed even 
after the second year. 
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Finally, confounding factors are likely to exist from one year to another, such as 
differences in student ability, motivation, and course content. Clearly, student ability 
may vary with different student populations from year to year. Also, student motivation 
was not controlled and different participants may have given incentives for taking the 
pre- and post-tests which may have influenced student scores. Finally, a confounding 
factor may be different course content from year-to-year. For example during 2003-2004 
UNI-PI session, the focus was on new concepts such as those related to electricity, 
magnetism, and modem physics, Since these were the "new" topics learned in the second 
UNI-PI session, less focus were on concepts covered in FCI and TUG-K tests. Student 
scores were lower than expected in the 2003-2004 year and the above discussion gives 
possible explanations for these scores. 
Recommendations for Future Programs 
The need for future physics institutes or similar programs has been established 
due to the need for physics teachers and the difficulty of obtaining a physics licensure for 
an instructor already teaching full-time. Therefore, based on the results of this study, the 
following are recommended for future programs: 
1. Remedial or enrichment instruction (such as a pre-PI) for those 
participants with little to no background education in physics to improve 
their content knowledge and thus performance on conceptual assessments 
or a requirement for participants to complete introductory physics courses 
prior to participating in the program. The results indicate participants who 
entered the Institute with 6 or more physics credit hours were most 
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successful in the program. The type of physics credit hours taken by the 
participants was not reported in this study and would be useful 
information for a future Institute. Also, if a future Institute focused on 
more advanced topics in physics, additional courses in advanced physics 
may be needed for participants as a pre-requisite, or a different preparatory 
pre-PI for students with little or no background in those subjects. 
2. Continued instruction after the program to maintain conceptual 
development and teaching method technique throughout multiple school 
years. For example, a monthly newsletter or website with occasional 
problem sets where participants can communicate and instructors can 
provide answers and continuous support. These are consistent with 
recommendations of Taylor et al. (2005). Hestenes et al. (1992) reported 
best results when IE instruction methods were taught by another instructor 
in an internship-style approach for nearly one academic year. 
3. Direct classroom support (such as classroom visits and observations by 
UNI-PI instructors and staff) and financial support to enable teachers to 
fully implement the instructional strategies and materials as they were 
modeled during the summer sessions. 
4. Many instructional difficulties in the UNI-PI arose from the participant 
background variation; participants' completed semester hours in physics 
ranged from less than three to thirteen. This is a difference of more than 
two semester classes in physics. Consequently, the participants reported 
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that the pace of instruction was either too slow or too fast. Therefore, if 
such background discrepancies occur in a future physics institute, results 
from this study indicate that participants should be separated into ability 
groups (a recommendation based on the writer's evaluation ofreflection 
journal notes) or require that participants complete an introductory physics 
course prior to participating in the Institute, based on the correlation 
between semester hours of physics instruction and FCI and TUG-K pre-
and post-test results. 
5. Follow-up opportunities by UNI faculty members to review participants' 
classroom methods after the summer session to provide coaching and 
encouragement is recommended, per information reported by Taylor et al. 
(2005) and Hestenes et al. (1992). 
Suggestions for Further Research 
Based on the need for Iowa physics teachers and for physics teachers with more 
formal preparation, another Physics Institute or similar program is needed. The purpose 
of this study was multifaceted; the effectiveness of the UNI-PI was investigated in order 
to improve the efforts of future physics institutes and science education in general. From 
the results of this study, the following are suggested for further research: 
1. A longitudinal investigation similar to this study with a range of three or 
more years of student FCI and TUG-K scores from former UNI-PI 
participants would be ideal with follow-up surveys similar to the SRIPQ 
each year. Because each teacher has a completely new class of students 
each year, a recommendation is to have more than two years of data to 
evaluate the effect of a program like the UNI-PI on the participants and 
their students. At least three or more years of student data, participant 
testing and surveys are suggested for a comprehensive study of the 
effectiveness of a physics institute. 
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2. A similar investigation as this study with control groups for students and 
their teachers who have not participated in the UNI-PI. Control groups 
could be obtained by asking teachers at educational conferences to take 
the conceptual assessment tests themselves and also to administer them to 
their students. If a control group is not possible, then consider observing 
several UNI-PI graduates to identify these classrooms as most effective 
and least effective IE implementation styles, and compare the 
corresponding students' FCI and TUG-K results. Although not a 
substitution for a control group, this information would add depth to a 
study without one. 
3. An investigation similar to this one but with more complete information 
on the type of physics and math semester hours taken by the participants. 
For example, useful information for UNI-PI organizers to determine the 
type of preparation needed for success in a physics institute is to know 
whether participants have completed a one-semester introductory general 
physics course versus a summer workshop. Also, though the participants 
took a math diagnostic exam, they were not asked to provide the number 
(or type) of math courses taken before the UNI-PI. This would also be 
useful information. 
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The UNI-PI enabled a group of out-of-field Iowa science teachers to obtain the 
State of Iowa physics teaching endorsement. Improved conceptual understanding in 
Newtonian mechanics for participants and their physics students was an indication of 
UNI-PI effectiveness. Increased use and confidence of new physics teaching materials 
and methods by participants was a goal achieved by the UNI-PL Future physics institutes 
are needed due to the shortage of high school physics teachers and this investigation 
revealed areas of strength in the 2002-2003 UNI-PI and areas of improvement needed in 
future programs. 
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APPENDIX A 
UNI-PI PARTICIPANTS' TEACHING EXPERIENCE AND PHYSICS 
BACKGROUND 
Table Al 
UNI-PI Participant Information 
Number Physics State oflowa 
Participant ID Level of Years Area of Semester Physics Teaching Expertise Hrs Teaching 
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# of Hours 
Needed to 
Complete 
Physics Completed Endorsement Endorsement 
A HS 2 Biology 8 to 10 No 5 
B HS 1 Chemistry 8 to 10 No 7 
C HS <l Biology 8 to 10 No 7 
D HS 0 Biology/ <3 No 15 Chem. 
E HS 3 Biology/ <3 No 13-15 Chem. 
F HS 1 Biology/ 4 to 5 No 11 Chem. 
G HS 6 Biology/ 4 to 5 No 11 Chem. 
H HS 0 Biology/ 4 to 5 No 10 Chem. 
I HS 1 Biology 8 No 7 
J HS 3 Life Sciences/ 6 to 7 No 9 Agriculture 
K Middle School 6 Science <3 No 15 
L HS 2 Biology/ 6 No 9 Chem. 
*M HS 1 Biology/ 8 to 10 No 5 Chem. 
*N HS 2 Chemistry 11 to 15 No 3 
*0 HS 2 Biology 7 Yes 8 
Chem. = Chemistry, PS = Physical Science 
* Participants who left after first year of UNI-PI 
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APPENDIXB 
DEMOGRAPHIC DATA OF UNI-PI PARTICIPANTS' SCHOOLS 
Table Bl 
Demographic Data of UNI-PI Participants' Schools 
Grade 
Levels Total Student/ % % Eligible 
m Students in Teacher Minority for Free or 
Participant Locale School School ratio students Reduced 
A Rural, Outside MSA 9 - 12 329 12.2 2.1 28.3 
B Rural, Outside MSA 6 - 12 240 13.6 1.3 13.8 
C Rural, Inside MSA 9 - 12 390 12.9 2.1 19.2 
D Rural, Outside MSA 6 - 12 331 11.3 3.0 27.2 
E Rural, Outside MSA 9 - 12 302 12.5 2.6 22.8 
F Rural, Outside MSA 7 - 12 263 10.9 1.9 20.2 
Urban fringe of mid-
G sized city 9 - 12 354 11.3 6.5 12.4 
H Rural, Inside MSA 9 - 12 188 11.9 1.6 NIA 
I Rural, Outside MSA 9 - 12 286 13.6 1.0 22.7 
J Rural, Outside MSA 9 - 12 100 8.8 5.0 24.0 
K Small Town 5 - 8 554 14.6 6.7 28.2 
L Rural, Outside MSA 9 - 12 147 9.4 0.0 15.6 
*M Rural, Outside MSA 9 - 12 206 12.9 2.9 25.7 
*N Large Town 9 - 12 1398 17.6 9.2 21.5 
*0 Rural, Inside MSA 6- 12 344 11.5 0.9 31.4 
Averages 362.1 12.3 3.1 22.4 
Rural, Outside MSA -
Urban fringe of mid- 8.8-
Range sized city 100-1398 17.6 0-9.2 12.4-31.4 
2* Standard Dev. 613.4 4.2 5.1 11.4 
(NCES, 2004) 
* Indicates participant was present for only the first year of UNI-PI 
APPENDIXC 
THE FORCE CONCEPT INVENTORY 
Force. Concept Inventory 
Originally published in The Physk.1s 1'eacl1er, March 1992 
by 
David Hestcrws, Malcol111 l1Velll~ and Gregg Swackhamer 
Revised August 1995 
by 
Ihral1im Hallount Richard Hake, and Eugene A1osca 
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Force Concept Inventory 
111c Force Cmu:ept Inventory (FCI) is a multiple~cholce "test" designed to assess student 
understanding of the most bt1sft~concepts in Newtonian mechanics. 111e FCI can be used for 
several diflerent purposes, but the most important one is to evaluate tJ1c effectiveness of 
instruction. For a full understanding of what has gone into the development of tJiis 
instrument and how it can be used, the FCI papers1.2 should be consulted, as well as: (a) the 
papers on the Mechanics Diagnostic Test3.4, the FCI predecessor, (b) the paper on ilie 
!vlechanics Baseline Test5 which is recommended as an FCl companion test for assessing 
quantitative problem-solving skills, and (c) Richard Hake's6 data collection on university and 
high school physics taught by many different teachers and methods across the USA 
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Force Concept Inventory 
Plexi~e: 
Do 1u,1 write anything on tMs que~~tionnaire. 
Markyour answers on the ParSCORE computer sheet. 
Make ott{J' one mark per item. 
Do not skip any 1111estton. 
Avoid guessing. Your amwer.~ should re/leN what you pe1:tonally think. 
On the ParSCORE t~;mputer sheet: 
Use a No. 2 pencil only, and Jbllow mm·king instmctlons. 
Fill in your ID 1wmber. This is the number given to you by your school or your teacher. 
Ma:rk "A" under "Test Form·: 
Fili in the "Exam No. "given by your te,;,1cher. 
Pkm to /111/sh this: ques1io1111aire in JO mim11es. 
Thank you}<,r your cooperation. 
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l . Two metal baUs are the same size but one weighs twice as much as the other. '11\e balls are 
dropped from the roof of a single story building at the same instant of time. 111e time it takes 
the balls to reach the ground below wilt be: 
(A) about half as long for the heavier ball as for the lighter one. 
(B) about half as long for the lighter ball as for the heavier one. 
(C) about the same for both balls. 
(D) considerably less for the heavier ball, but not necessarily half as long. 
(E) considerably less for the lighter ball, but not necessarily half as long. 
2. 'TT1e two metal balls of the previous problem roll off a horizontal table with the same speed. 
In tliis situation: 
(A) both balls hit the floor at approximately the srune horizontal distance from the base of the 
table. 
(B) the heavier ball hits the floor at about half the horizontal distance from the base oftbe 
table than does the lighter ball. 
(C) the lighter ball hits the floor at about half the horiz\1ntal distance from the base of the 
table than does the heavier bait 
(D) the heavier hall hits the floor considerably closer to the base of the table than the lighter 
ball, but not necessarily at half the horizontal distance. 
{E} the tighter ball hits the floor considerably closer to the base ofthe table than the heavier 
ball, but not necessarily at half the horizontal distance. 
3. A stone dropped from the roof of a single story building to the surface of the earth: 
(A) reaches a maximum speed quite soon afler release and then falls at a constant speed 
thereafter. 
(B) speeds up as it falls because the gravitational aurru.'tion gets considerably stronger as the 
stone gets closer to the earth. 
(C) speeds up because of an almost constant force of 1,_,,mvity acting upon it 
(D) falls because of the natural tendency ofall objects to rest on the surface of the earth. 
(E) falls because of the combined effects ofthe force of gravity pushing it downward and the 
force of the air pushing it downward. 
4. A large truck collides head...on with a small compact car. During the cotlision: 
(A) the truck exerts a &l'f'eater amount of force. on the car than the car exerts on the truck. 
( B) the car exerts a greater amount of force on the truck d1an the truck exerts on the c.1.r. 
(C) neither exerts a force on the other, the car gets smashed simply because it gets in the way 
of the truck. 
(D) the truck exerts a force on the car but the car does not exert a force on the truck 
(E) the truck exerts t11e same amount of force on the car as the car exerts on the truck. 
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USE THE STATEMENT AND FIGURE BELOW TO ANSWER THE NEXT TWO 
QUI<:S'flONS (5 and 6), 
'fhe accompanying figure shows a 
frictionless channel in the shape of a segment 
of a circle with center at "O". The channel 
has been anchored to a frictionless horizontal 
table top. You are looking down at the table. 
Forces exerted by the air are negligible. A ball 
is shot at high speed into the channel at "p" 
and exits at "r. H 
S. Consider the following distinct forces: 
I. A downward force ofgravity. 
2 . A force exerted by the channel pointing from q to O. 
3 . A force in the direction of motion. 
4. A force pointing from O to q. 
\Vhich of the above forces is (arc) acting on the ball when it is within the frictionless 
channel at position "q"? 
(A) l only. 
(B) land 2. 
(C) 1 and 3, 
(D) 1, 2, and 3. 
(E) I, 3, and 4. 
6. Which path in the figure at right would 
the batt most closely follow after it 
exits the channel at "r" and moves 
across the frictionless table top'? 
7. A steel ball is attached to a string and is 
swung in a circular path in a horizontal 
plane as illustrated in the accompanying 
figure, 
At the point P indicated in the figure, the 
string suddenly breaks near the bait 
If these events are observed from directly 
above as in the figure, which path would 
the ball most closely follow after the 
string breaks? 
r 
.. 
(E):. 
r 
138 
LISE THE STATEMENT AND FIGLIRE BELOW 'fO ANSWER THE NEXT FOUR 
QUESTIONS (8 through 11). 
The figure depicts a hockey puck sliding with constant speed v0 in a str.iight line from point 
"a" to point "b" on a frictionless horizontal surface. Forces exerted by the air are negligible. You 
are looking down on the puck. When the puck reaches point "ht it receives a swill horizontal 
kick iu the direction of the heavy print arrow. Had the puck been at rest at poiut "b," theu the 
kick would have set the puck in horizontal motion with a speed vie in the direction of the kick. 
a b 
------+-------- • ------•------+----------
• 
8. Which of the paths below would the puck most closely follow after receiving the kick'? 
.. ,.".f /'-----• t 
I 
(A} (B) 
' I 
I ,, 
(C} 
I 
I 
" I 
{D) (E) 
I 
, 
----4 ----... ' 
• • 
____ ._ 
+ 
/ 
----.. ~~""' 
• 
------
• 
9. The speed of the puck just aficr it receives the kick is: 
(A) equal to the speed hv0 " it had before it received the kick. 
(B) equal to the speed "vk" resulting fr()m the kick and independent of the speed "v 0". 
(C) equal to the arithmetic sum ofthe speeds Hv0" and "v1i:"• 
(D) smaller than either of the speeds "v0 " or "vk". 
(E) greater than either of the speeds '1v0 " or "vk"• but less than the aritlunetic sum of these 
1wo speeds. 
l 0. Along the frictionless path you have ch()sen in question 8, the speed of the puck after 
rcceivit1g the kick: 
(A) is constant. 
(B) continuously increases. 
(C} continuously decreases. 
(D) inc;..-reases for a while and decreases thereafier. 
(E) is constant for a while and decreases thereafier. 
11. Along the frictionless path you have chosen in qucstil)n 8, the main force(s) acting on the 
puck after receiving the kick is (are): 
(A) a downwanl force of gravity. 
(B) a downward force of gravity, and a horizontal force in thedireetion of motion. 
(C) a downward force of gravity, an upward force exerted by the surface, and a horiwntal 
force in the direction of motion. 
(D) a downward force of gr.ivity and an upward force exerted by the surface. 
(E) none, ( No forces act on the puck.) 
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12. A ball is fired by a cannon from the top of a cliff as shown in the figure below. Which of 
the paths would the cannon ball most closely follow? 
13. A boy throws a steel ball straight up. Consider the motion oftl1e ball only ruler it has left the 
boy's hand but before it touches the ground, and assume that fbrces exerted by the air are 
negligible. For tl1ese conditions, tl1e force(s) acting 011 Ille ball is (are): 
(A) a downward force of gmvity along wiili a steadily decreasing upward force. 
(B) a steadily decreasing upward force from the moment it leaves the boy's hand until it 
reaches its highest point; on the way down there is a steadily increasing downward 
force of gravity as the object gets closer to the earth. 
(CJ an almost constant downward force of gravity along with an upward force iliat steadily 
decreases until the ball reaches its highest point; on the way down there is only a 
constant downward force of gravity. 
(D) an almost constant downward fort.x: of gravity only. 
(E) none of the above. 111e ball falls back to ground because ofits natural tendency to rest 
on the surface of the, earth. 
14. A bowling ball accidentally falls out of 
the cargo bay of an airliner as it flies 
ah)ng in a horizontal direction. 
As observed by a person standing on 
the ground and viewing the plane as in 
the l right, which path would the 
bo ball most closely follow after 
leaving the airplane? 
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USE THE STATEMENT AND FIGURE BELO\\/ TO ANSWER THE NEXT 'I'\\lO 
QUl:STIONS (15 and 16). 
A large truck breaks down out on the road and receives a push back into town by a small 
compact car as shown in the figure below. 
l S. While the car, still pushing the truck, is speeding up to get up to cmising speed: 
(A) tlie amount of force with which the car pushes Oil the truck is equal to that with which 
the truck pushes back on the car. 
( B) the amount of force wilh which the car pushes Oil the tmck is smaller than that with 
which the truck pushes back on the car. 
(C) the amount of force "With which the car pushes on the truck is greater than that with 
which the truck pushes back on the car. 
{D) the car's engine is running so the car pushes against the truck, but the truck's engine is 
not running so the truck cannot push back against the ~- 'l11e truck is pushed forward 
simply bec-.ause it is in the way of the car. 
(E) neither the car nor the truck exert any force on the other. The truck is pushed forward 
simply because it is in the way oflhe car. 
16. After the car reaches the constant t'nlising speed at which its driver wishes to push the truck: 
(A) the amount of force with which the car pushes on the truck is equal to that with which 
the truck pushes back on the car. 
(B) the amount of force with which the car pushes on the tmck is smaller than that with 
which the tmck pushes back on the car. 
(C) the amount of force with which the car pushes on the truck is greaterthan that with 
which the tmck pushes back on the car. 
(D) the car's engine is runnitig so the car pushes against the truck, but the truck's engine is 
not running St) the truck cannot push back against the car. The tmck is pushed forward 
simply because it is in the way of the car. 
(E) ueither the car t10r the truck exert any force on the other. TI1e truck is pushed forward 
simply because it is in the way of the car. 
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17. An elevruor is being lined up an elevator shaft at a constant speed by a steel cable as shown 
in the figure below. All frictional effects are negligible. In this situation, forces on the 
elevator are such that 
(A) tbe upward force by the cable is greater than the downward force of gravity. 
(B) the upward force by the cable is equal Io the downward force of gravity. 
(C) the upward force by the cable is smaller than the downward force of gravity. 
(D) the upward forc.e by the cable is greater than the sum of the downward force of gravitv 
and a downward fon.-e due to the air. • 
(E) none of the above. (The elevator goes up because the cable is being shortened, not 
because an upward force is exerted on the elevator by the cable). 
steel 
-----cable 
• • 
• 
• 
• 
Elevator going up 
at constant speed 
18. The figure below shows a boy swinging on a rope, starting at a point higher than A. 
Consider the following distinct forces: 
l. A downward force of gravity. 
2. A force exerted by the rope pointing from A to 0. 
3, A force in the direction of the boy's motion. 
4. A force pointing from O to A. 
Which of the above forces is (are) acting on the boy 
when he is at position A? 
(A) l only. 
(B) 1 and 2. 
(C) 1 and 3. 
(D) l, 2, and 3. 
(E) 1, 3, and 4. 
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19. The positions of two blo,cks at succ:es.,;ive 0.20.second time intervals are represented by the 
numbered squares in the figure below. The blocks are moving toward the right. 
• 1 
1 2 
• • 
• 2 
3 
• 
• 3 
4 
• 
• 
4 
Do the blocks ever have the same speed? 
(A) No. 
(B) Yes, at instant 2. 
(C) Yes, at instant S. 
(D) Yes, at instants 2 and S. 
5 
• 
• 5 
(E) Yes. at some time during t.he interval 3 to 4. 
• 6 
6 
• 
• 7 • 6 
7 
• 
20. The positions of two blocks at successive 0.20.second time intervals are represented by the 
numbered squares in the figure below. The blocks are moving toward the right. 
1 2 3 4 5 6 7 
Ellock a • • • • • • • I I l I I I I t I l I I I t l I ! I I I l I I I I I I I 
Block b • • • • • 1 2 3 4 5 
The accelerations of the blooks are related as follows: 
(A) 111e acceleration of "a" i.s greater than the acceleration of 11 b''. 
(B) The acceleration of"a" equals the acceleration of"b". Both accelerations are greater 
than zero. 
(C} 'l11e acceleration of"b" is greater than the acceleration of"a". 
(D) 'n1e acceleratfon of "a1' equals the ac-0eleration of "b". Both accelerations are zero. 
(E) Not enough infom1ation is given to answer the question. 
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I 
USE nm STATEMENT AND l<IGURE BELOW TO ANSWER THE NEXT 1:ouR 
QUESTIONS (21 through 24). 
A rocket drifts sideways in outer space from point "a" to point "b" as shown below. TI1e 
rocket is subject to no outside forces. Starting at position ~b", the rocket's engine is turned on 
and produces a constant thrust (force on the rocket) at right angles to the 1ine Hab", The constant 
thnist is maintained until the rocket reaches a point "c" in space. 
~ -•-------·Q--. ---. -•---------- ---•~ 
21. Which of the paths below best represents the path of the rocket between points "b" and "c"? 
,,•c •c •c •c 
, j. 4 4 
, 
, 
• 
, ; 
;t 
' " 
, 
, , , 
( 
, 
I , 
I : I (A> (~) (Cl , (D) .. 
I 
' 
~ J ; 
I 
' 
,, t 
t 
I ; ; 
I 
" ✓ ,. I ✓ t 
" ___ .,.. b 
·••• eb -••• •b ··•• b··-·- _,.,., ···• • b ...... 
22. As rhe rocket moves from position"b" to position He" its speed is: 
(A) constant 
(B) continuously increasing. 
(C) continuously decreasing. 
(D) increasing for a while and coru.-tant thereafter. 
(E) constant for a while and decre.'lsing thereafter. 
I 
(E) 
I 
I 
,I' 
,. 
., 
23. At point ''c" the rocket's engine is turned off and the thrust immediately drops to zero. 
Which of the paths belo\v will the rocket follow bevond tmint "c"? 
f 
I 
c •- - (A)-- - • Jc 
I 
I 
(B) 
I 
(C) 
24. Beyond position Mc" the speed of the rocket is: 
(A) constant. 
(B) continuously increasing. 
(C) continuously decreasing. 
(D) increasing for a while and constant there.after. 
(E} constant for a while and decreasing thereafter. 
~ 
JD) 
, 
, 
,. 
,. 
f 
~c 
__ ... ; 
I 
(E) 
I 
/ 
" c<' 
ec 
1' 
' I 
, 
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25. A woman exerts a constant horizontal force 011 a large box. As a result, the box moves 
across a horizontal noor at a constant speed "v0". 
111e c-01u;tant horizontal force applied by tl1e woman: 
(A) has the same magnitude as the weight of the box. 
(B) is greater than the weight oftlle box. 
(C) has tl1e same magnitude as the total force which resists the motion of the box. 
(D) is greater than die total force which resists the motion of the box. 
(E) is greater than either t11e weight of the box or the total force which resists its motion. 
26. lfthe woman in the previous question doubles the constant horizontal force that she exerts 
on the box to push it on the same horizontal floor, the box then moves: 
(A) with a constant speed that is double the speed "v0" in the previous question, 
(B) with a constant speed that is greater fuan the speed "v0" in the previous question, but 
not necessarily twice as great. 
( C) for a while with a speed that is constant and 1,~ater than fue speed "v 0" in the previons 
question, 11ten with a speed that increases thereafter. 
(D) for a while with an increasing speed, then with a constant speed thereafter. 
(E) with a continuously increasing speed. 
27. lfthe woman in question 25 suddenly stops applying a horiwn1al force to the box, then the 
box will: 
(A) immediately come to a stop. 
(8) continue moving at a constant speed for a while and then slow to a stop. 
(C} immediately start slowing to a stop. 
(D) continue at a constant speed. 
(E) increase its speed for a ,vhile and then start slowing to a stop. 
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28. In the figure at right, student Na" has 
a mass of95 kg and student "b" has a 
mass of 77 kg, 111ey sit in identical 
office chairs facing each other. 
Student "a" places his bare feet on the 
knees of student "b". as shown. 
Student "a" then suddenly pushes 
outward with his feet. causing both 
chairs to move. 
During the push and while the 
students are still touching one another: 
( A) neither student exerts a force on the other. 
"a" "b'' 
(B) student Ma" exerts a force on student ''b''. but "Ii' does not exert any force on "a". 
(C) each student exerts a force on the other, but ''bN exerts the larger force. 
(D) ench student exerts a force on the other, but "a" exerts the larger force. 
(E) each student exerts the same amount of force on the other. 
29. An empty office chair is at rest on a floor. Consider the following forces: 
J. A downward force of gravity. 
2 . An upward force exerted by the floor. 
3 , A net downward force exerted by the air. 
Which of the forces is (are) acting on the office chair? 
(A} I only. 
(B) 1 and 2. 
(C) 2 and 3. 
(D) l, 2, and 3. 
(E) none of the forces. (Since the chair is at rest there are no forces acting upon it.) 
30. Despite a very strong wind, a tennis player manages to hit a tennis ball with her racquet so 
that the ball passes over the net and lands in her opponent's court. 
Consider the following forces: 
I . A downward force of gravity. 
2. A force by the "hitH. 
3. A force exerted by the air. 
Which of the above forces is (are) acting 011 the tennis ball alter it has lefi contact with the 
racquet and before it touches the ground? 
(A) l only. 
(8) land 2. 
(C) t and 3. 
(D) 2 and 3. 
(E) I, 2,and 3. 
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Table Cl 
Ni ewtonian Concepts in the FCI (adaptedfrom Hestenes et al., 1992) 
Newtonian Concept Question Number ( correct 
choice) 
1. Kinematics 
Velocity discriminated from position 19(E) 
Acceleration discriminated from velocity 20(D) 
Constant acceleration entails : 
parabolic orbit 21(E), 14(D) 
changing speed 22(B) 
Vector addition of velocities 9(E) 
2. Newton's First Law 
with no force 7(B), 8(B), 6(B) 
velocity direction constant 23(B) 
speed constant l0(A), 24(A) 
with canceling forces 17(B), 25(C) 
3. Newton's Second Law 
Impulsive force 8(B), 9(E) 
Constant force implies: 
constant acceleration 26(E), 21(E), 22(B) 
4. Newton's Third Law 
for impulsive forces 4(E), 28(E) 
for continuous forces 15(E), 16(A) 
5. Superposition Principle 
Canceling forces 1 l(D), 17(B), 25(C) 
6. Kinds of Force 
Solid contact: 
passive 18(B), ll(D), 29(B,D) 
centripetal 5(B) 
friction opposes motion 27(C) 
Fluid contact 
air resistance 30(D) 
buoyant ( air pressure) 29(D) 
Gravitation 5(B), 18(B), 13(D), ll(D), 29(B,D), 3(C), 17(B), 30(D) 
acceleration independent of weight l(C), 2(A) 
parabolic trajectory 12(B), 14(D) 
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Table C2 
Summary of Misconceptions Surveyed by the FCI (adapted from Hestenes et al., 1992) 
Misconception Question Number (choice) 
1. Kinematics 
Kl. position-velocity undiscriminated 19(B,C,D) 
K2. velocity-acceleration undiscriminated 19(A), 20(B,C) 
K3. nonvectorial velocity composition 9(C) 
2. Impetus 
11. impetus supplied by "hit ll(B,C), 30(B,D,E),27(D) 
12. loss/recovery of original impetus 7(D), 8(C,E), 2l(A), 23(A,D,E) 
13. impetus dissipation 13(A,B,C), IO(C), 12(C,D), 14(E),24(C,E),27(B) 
14. gradual/delayed impetus build-up 8(D), IO(B,D), 21(D), 27(E) 
15. circular impetus 7(A,D), 6(A) 
3. Active Force 
AFl. only active agents exert forces 28(B), 29(B), 15(D), 16(D), 17(D), 30(A) 
AF2. motion implies active force 5(C,D), 18(C,D,E), 27(A) 
AF3. no motion implies no force 29(E) 
AF4. velocity proportional to applied force 22(A), 26(A,B,C), 25(A) 
AF5. acceleration implies increasing force 3(B) 
AF6. force causes acceleration to terminal velocity 3(A), 26(D), 22(D) 
AF7. active force wears out 22(C,E) 
4. Action/Reaction Pairs 
ARl. greater mass implies greater force 4(A,D), 28(D), 15(B), 16(B) 
AR2. most active agent produces greatest force 15(C), 16(C), 28(D) 
5. Concatenation of Influences 
Cil. largest force determines motion 17(A,E) 
CI2. force compromise determines motion 7(C), 6(D), 12(A), 14(C), 21(C) 
CB. last force to act determines motion 8(A), 9(B), 21(B), 23(C) 
(table continues) 
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Misconception Question Number (choice) 
6. Other Influences on Motion 
CF. Centrifugal force 5(E), 7(C,D,E),6(C,D,E) 
Ob. Obstacles exert no force 4(C), 1 l(A,B), 29(A), 15(E), 16(E) 
NCF. No centripetal force S(A,C) 
NT. No tension 18(A,C) 
TW. Tension acts in wrong direction 18(C) 
Resistance 
Rl. mass makes things stop 27(A,B), 14(A,B) 
R2. motion when force overcomes resistance 25(B,D) 
R3. resistance opposes force/impetus 25(E) 
Gravity 
G 1. air pressure-assisted gravity 11 (A), 29(C), 3(E), 17(E) 
G2. gravity intrinsic to mass 13(E), 1 l(E), 3(D) 
G3. heavier objects fall faster l(A), 2(B,D) 
. G4. gravity increases as objects fall 13(B), 3(B) 
GS. gravity acts after impetus wears down .13(B), 12(D), 14(E) 
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Table C3 
UNI-PI Participants' FCI Results 
UNI-PI - Participants' FCI Pre- and Post-Test Data 
Code Pre- Pre-test Post-test Post-test Average test % % Gain 
A 10 33.3 22 73.3 0.60 
B 28 93.3 29 96.7 0.50 
C 25 83.3 25 83.3 0.00 
13 43.3 16 53.3 0.18 
D 
E 11 36.7 10 33.3 0.05 
F 12 40.0 14 46.7 0.11 
G 24 80.0 29 96.7 0.83 
H 7 23.3 15 50.0 0.35 
I 14 46.7 13 43.3 0.06 
J 18 60.0 30 100.0 1.00 
K 6 20.0 12 40.0 0.25 
L 9 30.0 18 60.0 0.43 
*M 18 60.0 29 96.7 0.92 
*N 25 83.3 26 86.7 0.20 
*O 25 83.3 23 76.7 0.40 
Average 16.3 54.4 20.7 69.1 0.32 
Total Possible 30 100 30 100 1.00 
Standard 7.5 24.8 7.1 23.6 0.40 Deviation 
* Participants who left after first year of Institute 
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Table C4 
2002-2003 Student FCI Data 
2002 - 2003 School Year Student FCI Averages 
# of Students #of 
Participant taking pre- Students Pre- Pre-test Post- Post- Average 
taking post- test % test test% Gain test 
test 
Physics Classes 
A 7 6 8.7 29.0 15.0 50.0 0.30 
B 9 8 8.4 28.1 15.3 50.8 0.32 
C 24 21 8.7 28.9 14.0 46.7 0.25 
F 15 15 6.5 21.8 12.0 40.0 0.23 
G 21 19 8.9 29.7 17.3 57.5 0.40 
I 13 13 8.1 26.9 18.8 62.8 0.49 
J 5 3 9.2 30.7 17.7 58.9 0.41 
L 7 7 6.0 20.0 25.3 84.3 0.80 
N 74 72 6.4 21.3 18.4 61.2 0.51 
Total Possible: 30.0 100.0 30.0 100.0 1.00 
Average: 19.4 18.2 7.9 26.3 17.1 56.9 0.41 
Standard deviation: 21.5 21.1 1.2 4.1 3.8 12.7 0.18 
Table CS 
2003-2004 Student FCI Data 
2003 - 2004 School Year Student FCI Averages 
# of # of 
Participant Students Students Pre- Pre- Post- Post- Average taking pre- taking test test% test test% Gain 
test post-test 
Physics Classes 
A 13 8 6.8 22.8 10.9 36.3 0.17 
B 14 14 8.5 28.3 17.9 59.8 0.44 
C 36 31 8.4 27.9 18.5 61.8 0.47 
I 14 15 8.1 27.1 14.9 49.6 0.31 
Total Possible: 30.0 100.0 30.0 100.0 1.00 
Average: 19.3 17.0 8.0 26.5 15.6 51.8 0.35 
Standard deviation: 11.2 9.8 0.8 2.5 3.5 11.7 0.14 
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Table C6 
Participant and Physics Student FCI Misconception Analysis 
FCI Misconception Taxonomy Part. Pre- Part. Post- 02-03 Phy 02-03 Phy 03-04 Phy 03-04 Phy FCI FCI Pre-FCI Post-FCI Pre-FCI Post-FCI 
1. Kinematics 
Kl. 33.3 26.7 44.6 39.6 48.1 42.6 
K2. 20.0 20.0 38.0 20.1 37.0 19.9 
K3. 6.7 0.0 21.7 23.2 19.5 30.9 
1. Kinematics Total 20.0 16.7 35.6 25.8 35.4 28.3 
~- Impetus 
11. 46.7 42.2 50.7 42.9 52.4 45.6 
12. 13.3 10.0 23.6 13.6 28.6 18.0 
13. 14.4 15.6 37.0 18.6 33.3 18.1 
14. 5.0 8.3 13.9 9.0 15.9 9.6 
15. 10.0 0.0 33.4 15.5 31.2 12.5 
2. Impetus Totai 16.8 15.4 31.1 19.0 31.4 20.0 
3. Active Force 
AFl. 9.3 1.3 14.4 4.1 13.5 2.6 
AF2. 42.2 40.0 39.4 39.2 62.3 48.5 
AF3. 0.0 0.0 9.7 0.6 3.9 0.0 
AF4. 22.2 15.6 34.7 37.6 33.3 33.3 
AF5. 0.0 6.7 29.1 14.0 29.9 13.2 
AF6. 28.9 15.6 21.5 13.8 18.6 15.7 
AF7. 26.7 6.7 41.7 18.9 28.6 27.9 
3. Active Force Tota 20.8 13.7 25.8 19.2 27.8 20.4 
14. Action/Reaction Pairs 
ARl. 25.0 5.0 41.0 12.2 37.0 10.3 
AR2. 37.8 6.7 50.5 20.9 53.7 19.6 
4. AIR Tota1 30.5 5.7 45.1 15.9 44.2 14.3 
5. Concatenation of Influences 
Cil. 40.0 33.3 64.6 55.5 76.6 58.8 
CI2. 6.7 4.0 8.5 10.4 8.6 11.5 
CB. 21.7 10.0 29.3 16.6 23.4 19.5 
5. Concatenation Totai 16.0 9.3 22.4 17.4 21.3 19.4 
(table continues) 
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Part. 02-03 02-03 03-04 03-04 
FCI Misconception Taxonomy Part. Post- Phy Phy Phy Phy Pre-FCI Post- Post-FCI Pre-FCI FCI Pre-FCI FCI 
6. Other Influences on Motion 
CF. 8.9 6.7 20.0 8.9 22.5 16.2 
Ob. 2.7 5.3 20.6 5.7 21.0 4.1 
NCF. 6.7 13.3 24.0 49.4 51.9 41.2 
NT. 13.3 6.7 19.4 15.9 33.8 14.7 
TW. 0.0 0.0 14.9 11.6 33.8 10.3 
Rl. 40.0 36.7 50.3 33.8 50.0 37.5 
R2. 40.0 13.3 64.0 33.5 62.3 47.1 
R3. 13.3 20.0 25.1 20.7 27.3 11.8 
Gl. 6.7 6.7 14.0 5.9 11.0 5.5 
G2. 6.7 2.2 5.3 1.8 3.5 2.5 
G3. 16.7 26.7 34.3 16.8 42.2 22.1 
G4. 0.0 3.3 14.6 7.0 14.9 6.6 
GS. 4.4 2.2 16.0 4.5 11.3 9.8 
6. Other Total 9.9 9.4 21.7 11.9 23.6 13.3 
APPENDIXD 
TEST FOR UNDERSTANDING GRAPHS IN KINEMATICS 
Test of 
Understanding 
Graphs-
Kinematics versl'on2.6 
I nstrudions 
Walt until yru eretadtobi:gin, thmtumtotheflfill<tpa;Jeaidb(gnwcrtlng, Arnw«w:llque&ioo 
as a:x:ur.:td y as ycu cm. Trnre is Oliy cme ('.a'T'o:::t Enmo- for w:11 item Foo free to use a ca cul .tor 
m s::rach pEpa'if you Wlffl 
Ure a '#2. pin:::il to re:x::fd your· M$.'Je' s oo the computEt ~. but please do net write l n the toot 
bcddet. 
Yoo will we fflPTOXtmad y one hour to comp! ae the tel:t. If you finish EB1y,ch£d< CNa" ycu-work 
bdcre hi:ndi ng In t::dh the ff'ISNa- stm mo the te:t t::o::«la. 
• i993by ReooiJ. Sadr« 
Nooh Cecc4 ina Stae Uni vcrs ty 
~offtlyscs 
Raagi, NC 27695-8202 
Betttoo•m:,JCSU.frl.l 
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1. Voklclty Yersus llme graphs for five objecis am thown below. All axes have !he same sellle. Whlch object had the 
greatest change in PC!Sition during the interval? 
f~ ·t= ib:, G ib Ci i f -:;, •. > > > 
" ,.,,. • Tll'llll • Tm, ;, Trno • Ttm 
(A} RtoT 
(8) TtoV 
{C) V 
W X Y l. 
(0} X 
(E} XtoZ 
3. To the right i$ a graph of an object's motioo. W'hich ier11ence is the best lnterpret:alion? 
(A) The object is; moving \\illl a constant, non-zero a ocelaration. 
(B} The object dooirno! move. 
{C) The object is moving v.mh a unifOl'mly increasing velodly. 
(0} The object is moving \\Ith a constant velocity. 
(E) The obroct is m011mg wMh a unifO!'mly increasing a@elorntion. 
'fin,;, 
4, An elevator moves from 1he bllsemenl to 1!!1e lenth floor of a buil®lg, The ma$$ of the elevator is 1000 kg and it 
moves as shown in !he 11elocil:y.time OJ'.lph below. How far doet: rt move dlJfing the fi€St 1hree seconds of motion? 
{A) 0.75 m 
(8) L'.?>'3 m 
{C) 4.0m 
(D) (tOm 
(E) 12,0 m 
Yi §. 
i 
0 
-~ 
5 
4 
3 
2 
1 
1 2 3 4 5 6 7 8 9 10 
Time (s) 
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5, The \'elocity at the 211e<:ond polnt is: 
(A) 0.4 mfs 
(B) 2.0 mis 
(C) 2.5 mis 
(0) 5.0 mfa 
(E) 10,0m.ls 
4 5 Timc(:i.) 
6, This oraph shows ve!odty as e tunolioo of time for e car of mailS t .5 x 101 kg. What w111s the ec~eraiion at the 
90smark? 
(A) 0.22 mls2 
(B) 0.33 m/1,)1 
(C) 1.0 mls2 
(D! 9,8m/1,'2 
(E) 2om.1si 
i 40 
'5 $0 1--l--+-+-,lf,-
.2 
~ ~---....+,-..;r...---1-....... 
7. The motion of an object llllVl'ling in a slraight line is mpresenled by Ule following graph. PJ 1ime • 65 s, the 
magnitude of the iM!antl.ffleous accetera~oo of the object - most nearly: 
(A) 1 m/$6 i 40 (B) 2 mls2 
(C) •St8 mh,2 f (D) +30m/$2 :J ~() 
!E) +Mmls2 
20 
10 
0 
0 20 40 60 60 100 
!I. Here is a graph of an object's motion. Which sentence is a cor1ect inlerprntallon? 
11 ~ .L-_____________ __:::,,._ ____ _ 
Tim¢ 
(A) The object ro&s along a flat swface, Then it rolls forward down a hill, and then finalfy stops. 
(6) The object doesn't move at first Then ii rollll.for.vard down a hilt and ooafly steps, 
(C) The object is mewing at. oonstantvelocify. Then ll s!ovil:i oo'M'I and stops. 
(0) The object doesn't move at first Thoo U moves lmekwaros end !hen nna11y stops 
(El Tho object mov'tis atong a flat area. mows backwards down II hill, and ttlen ll keeps m011itlg, 
Timc(s) 
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9. An object sta.rts from rest and undergoes a posiwe, cCOmtant acceleration for ten $eConds. It than wnmues on 
With a consti.mt veloclty, Which of the following graphs correctly de,m-ibes thlZ sifua~oo? 
LC 'le,_ le: ~·c LL .j I :i i:; l ill J ~ d: 0 11. Q G. 0 0 Q 
" 
5 ~ tt • ~,,.,,$ Y ·e ~t) -tf • 11 ~ -w ,. 
" i; 
izi ',t 
iime(ml iltne(!l) Time (fl) Tl~($) Tlme(s) 
10. Ave objects move according to the following ac.::eleration versus lime graphs. Which has the smallest Chango in 
velocity during the three se-eond lnterv;11!1 
r.· (A) rr (B) le 5 (O} 
'~ I·L •L i'l::= i O o . ., ~ I i e t$ 12 ] '' Time{:} "' J {i l ~ ~ $ ;f Tlme{s) ~ ~ Tune(s/ ~ T,me(s) Tmie (sJ 
11. The foll.owing ls a posioon-time graph for an object during a $ s time interval. 
V\/lik:h one of the followin9 graphs of W!<locltyversus tlme.woul~ best relJ{esent the object's roolloo wring thtl 
same lime interval? 
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12. Consider the following graphs, noting ihe different axes: 
(I) (11) (Ill) CL 0 ! 
~ Time 
~L 1$.li• . ;> 
P Time 
'C 1) > ~ Time 
Whicll of lhese rnpre:sent(s.J motion at cofl!ltant vetocity? 
{A> !, n, end JV 
(B) landfll 
(C) II andV 
(0) IVooly 
(E) Vonly 
13, Poolti0<1 versus tlme graplls for five obj~ are shown below, Al1 axes have the same scale, 'Wlilcll object had 
the highest lnstantaneo,us 11elocity during the ln!erval? 
ii~ t~ 12 ll2 l~ i "' l 00 j g, 0 11. 11. Q 
0 Timt o Tirriil • Time 1 Tim" • Time 
Wmcll (me or lhe fo!l())\ing grapl'w of accele1a!lon versus time v;ouh1 be$1 represent the -0bjeet'11 motion during 
the same lime lnterval? • 
{A) g .. 
l! 
.w t_....,. ..... _......,...,,...._..~ fltoo{S) 
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15. The following reJJfeae11ls an acoomatioo graph for im object during a 5 5 time intewal; 
C + 
i 
t; 
J ; t--+-_,_-t,~1----- Tirrw {t.) 
Which onn or the follcv.,mg gtnpoo of velocity vwsl.l$ time wouki bas! reprns11nl !hi! object's motion dutlng the 
same time interval?' 
V I"'\. 
V 
V 
I/ 
0 V 
0 2 S 4 5 6 7 6 9 10 Timt {SJ 
The object's chll!lge in velocity during the lirat three secomb of mown was: 
(A} 0,66 mis (8} 1 ,0 mis (C} 3.0 mis (D) 4.5 mla (E;) U mis 
17. Th<! velocity at lhe 3 second point i,; about 
(A) <t:lmm 
(6) -2,0 mis 
(C) -.67mls 
(D) S.Om!:s 
(E) 7.0mls 
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18. If you Wlllnled to know tile. d'tmll!nce covered during lhe inte,rval from t = 0 s tot= 2.s, from the graph below you 
woufd: 
{A) reacl:I 5 tffirecffy off the vMical axl$ 
(B) !Incl the area bel:!MNln thal tne segment aml lh-e ume ails by 
calcu!aling (5 x 2)12 · 
(Cl llncl the $lope of lhat line segment by di.ming 5 by 2, 
(0) lind the :sjope of lhat line segment by dividing 15 by 5. 
(E) Not Mough informaoon to answer, 
Whlc:h of these repres ent{s) motion at cooitant. non,zero a1:eelernllon? 
(A) I, II, and IV 
(B) I and Ill 
(C) II andV 
(0) tVonty 
(E} Vonly 
HOW' far doeil it mo\le during ttie interval lrom t.., 4 s IO I ., $ :& ? 
(A) 0.75 m (B} :to m (q 4.0 m (D) 8.0 m (i:) 12,0 m 
/ 0 
0 
j (IV) 
tl:: 
" Time 
21. To the right.ls a or~rh of an object'a motion. Which sentence 1$ fue bestin1erµrn1alion? 
(A) The object is ITll)WIQ v.ith a constant acceleralion 
(B) The object is mowig \'\4fni ool!orm!y decreasing acc~eratlon. 
(C) The object is ITTl)Wl!J mth a unifmmly lntteaslng velocity. 
(D) The object is mowig at a constant velocity. 
( E} The objoct doos not move. 
_/ 
,.,,....-
V 
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Table Dl 
TUG-K Participant Pre- and Post-Test Data 
UNI-Pl - Participants' TUG-K Pre- and Post-Assessment Data 
Code Pre-test Pre-test% Post-test Post-test% Average Gain 
A 7 33.3 16 76.2 0.64 
B 16 76.2 21 100.0 1.00 
C 13 61.9 19 90.5 0.75 
D 6 28.6 6 28.6 0.00 
E 2 9.5 11 52.4 0.47 
F 7 33.3 11 52.4 0.29 
G 19 90.5 21 100.0 1.00 
H 8 38.1 16 76.2 0.62 
I 4 19.0 9 42.9 0.29 
J 11 52.4 16 76.2 0.50 
K 4 19.0 8 38.1 0.24 
L 7 33.3 11 52.4 0.29 
*M 17 81.0 19 90.5 0.50 
*N 16 76.2 19 90.5 0.60 
*O 19 90.5 19 90.5 0.00 
Avg 10.4 49.5 14.8 70.5 0.42 
Total 
Possible 21 21 
2*St.Dev 11.6 10.0 0.61 
* Participants who left after first year oflnstitute 
162 
Table D2 
2002-2003 Student TUG-K Data 
2002 - 2003 School Year Student TUG-K Averages 
# of # of 
Participant Students Students Pre- Pre- Post- Post- Average taking pre- taking test test% test test% Gain 
test post-test 
Physics Classes 
A 7 6 5.7 27.2 10.8 51.6 0.33 
B 9 10 3.3 15.9 13.6 64.8 0.58 
C 24 24 3.1 14.7 11.0 52.2 0.44 
F 16 16 3.3 15.5 12.8 61.0 0.54 
G 21 21 3.9 18.4 13.2 62.8 0.54 
I 13 13 3.4 16.1 10.3 49.1 0.39 
J 5 3 6.2 29.5 15.3 73.0 0.62 
L 7 7 2.4 11.6 17.9 85.0 0.83 
N 74 63 2.9 13.6 10.7 51.0 0.43 
Total Possible: 21.0 100.0 21.0 100.0 1.00 
Average: 19.6 18.1 3.8 18.1 12.8 61.2 0.52 
Standard deviation: 21.4 18.2 1.3 6.2 2.5 12.0 0.15 
* Participants who left after first year of Institute 
Table D3 
2003-2004 Student TUG-K Data 
2003 - 2004 School Year Student TUG-K Averages 
#of # of 
Participant Students Students Pre- Pre- Post- Post- Average taking pre- taking test test% test test% Gain 
test post-test 
Physics Classes 
A 13 8 3.4 16.1 9.8 46.4 0.36 
B 14 13 4.4 21.1 13.7 65.2 0.56 
C 39 38 3.9 18.7 13.9 66.4 0.59 
G 16 16 5.0 23.8 12.2 58.0 0.45 
I 14 14 4.1 19.7 10.9 52.0 0.40 
Total Possible: 21.0 100.0 21.0 100.0 1.00 
Average: 19.2 17.8 4.2 19.9 12.1 57.6 0.47 
Standard deviation: 11.1 11.7 0.6 2.9 1.8 8.5 0.10 
* Participants who left after first year of Institute 
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Table D4 
Participant TUG-K Misconception Analysis 
TUG-K Questions addressing Participants' TUG-K Pre- Participants' TUG-K Post-
Objective objective ( correct test (% of participants test (% of participants 
option) chose wrong) chose wrong) 
1 5(c), 13(d), 17(a) 40.0 33.3 
2 2(e), 6(b), 7(a) 46.7 33.3 
3 4(d), 18(b), 20(e) 42.2 26.7 
4 l(b), IO(a), 16(d) 82.2 42.2 
5 1 l(d), 14(b), 15(a) 46.7 22.2 
6 3(d), 8(d), 21(a) 48.9 20.0 
7 9(e), 12(b), 19(c) 46.7 28.9 
Table D5 
Ph . S d TUG K Mi IYSlCS tu ent - rsconceptron na llSlS A I . 
02-03 02-03 03-04 03-04 
Questions Physics Physics Physics Physics TUG-K TUG-K TUG-K TUG-K Beichner 
TUG-K addressing Pre-test Post-test Pre-test Post-test (1994) HS 
Objective objective ( correct (% of (% of (% of (% of post-test 
option) students students students students (N=l65) 
chose chose chose chose 
wrong) wrong) wrong) wrong) 
1 5(c), 13(d), 17(a) 76.7 42.3 69.1 39.3 49 
2 2(e), 6(b), 7(a) 84.1 51.5 79.9 48.7 60 
3 4(d), 18(b), 20(e) 80.3 42.1 76.7 34.8 51 
4 l(b), IO(a), 16(d) 93.9 65.0 90.6 54.7 77 
5 1 l(d), 14(b), 85.8 31.1 83.0 25.5 62 15(a) 
6 3(d), 8(d), 21(a) 87.9 35.6 81.9 37.1 61 
7 9(e), 12(b), 19(c) 81.3 44.l 80.9 39.9 57 
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Table D6 
Beichner (1994) High School TUG-K Misconception Analysis 
TUG-K Questions addressing objective ( correct Beichner (1994) HS post-test (N=165), Number Choosing Objective option) Correct Option 
1 5(c), 13(d), 17(a) 49 
2 2(e), 6(b), 7(a) 60 
3 4(d), 18(b), 20(e) 51 
4 l(b), lO(a), 16(d) 77 
5 1 l(d), 14(b), 15(a) 62 
6 3(d), 8(d), 21(a) 61 
7 9(e), 12(b), 19(c) 57 
APPENDIXE 
THE FORCE AND MOTION CONCEPTUAL EVALUATION 
FORCE AND MOTION CONCEPTUAL EVALUATION 
J>imgqm: Answer questions 1-4 7 in spaces oo the answer sheet. Be sum your name is on the 
answer sheet. W"'.!ll mm!SliP!l 461 m:is:i 2t1 Jhc MS\!:'.!ll ~b!W, Hand in the qUC$tions and the 
answer sheet. 
A s!ed on ice moves in tl1e ways described in questions 1-1 below. Friction Is so small tltot It 
ca11 be i.'tf11ored A person wearing spiked shoes standing on the ice can apply a forceto the sled 
and push it along the ice, Choose the:Qim force (A through G) which would bqlthesled 
mevmg as described in each statement below. 
You may use acliolce more than once or nQt i:u ittl but choose only one answer for each btank. If 
you think that none is correct, answer choice J. , 
Direction of Force 
... 
Dif1.-.::LicnofForcc 
.. 
A.. The forceds toward the right and is 
mcreasmg in,strength {magnitude} 
B. The force is toward the right and is of 
constant strength (magnitude). 
C The force is toward the rigltt and is 
decrasing in strength (magnitude). 
D. No applied force is needed 
& The force is toward the left and is 
, decreasmg in strength (maa,rnitude}. 
F. The force is toward the left and is of 
constant strength (magnitude). 
G. The force is toward the left and is 
increuin in stren rth {ma itude. 
_L Which force would keep the sled moving toward the right and speeding up at a steady rate 
(constant acceleration)? 
_2. Which foroe would keep the :sled moving toward the right at a steady ( constant) velocity? 
_J. The sled is moving toward the right. Which force would slow it down al a ste~dy rate (ronslant 
accelera:tion)? , , 
_4. \Vhich force would keep the sled.moving toward the left and speeding up at a steady 
rate (constant acceleration)? 
_S, The slC>d was started rrom :rr¢:St and pushed 1.mtil it reached a :steMy (constant) velocity towlltd the 
right, Which force would keep the sted moving at this velocit)1 
_6. TI1e sled is slmving down at a steady rate and has an acceleration to the right Which force would 
account for this motion? 
_7. The sled is moving toward the left Which force would slow it down at asteady rate (constant 
acceleration)? , , 
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Questions 8-10 refer to a toy car which is given a quick push spc that it rolls up an inclined ramp. 
After it is relea~d. it rolls upt ren4.:hes its highest point and rolls baek down again: Friction Is .f(1 
,1'/li(JI/ // l'('/11 M /J¥tmittL 
Use one of. the foUowing choices (A through G) to indicate tlte net fo,n:e acting on the cnr for 
each of the c-ases deserib¢d below. Answer choice ;J if you think that none is correct. 
@ Net oonstant force down ramp 
@ Net iftcfNs.ffta force down ramp @ Net 1-0rce zem 
@ Net dHrMllngJor.ce down ramp 
___ S. The car is moving up the ramp after it is released. 
___ 9. The car is at its highest point. 
___ l 0. The car is moving dov.'ll the ramp. 
. @ Net oonstant force up ramp 
(]) Net ktcrNS:lnt force up ramp 
@ Net dHrusing force up ramp 
Questions I l .13 refer to, a eoin which is tossed straight up into the air. After it is refoased it moves 
upwar~ reaches its highest point and falls back OOY;n again. Use one of the following choices (A 
thrmw1 Gi to indtcate the force acting on' the coin for each of the cases described below. Answer 
choice J if you think that none is correct lpore anr effects of air residaJxe. 
A. The: fotc-0 is ·down and const3nt 
B. The forc.e is •dowrl and increasing 
C.. The force is down and dei.1reasing 
D. The force is zero, 
E. Theforc:c is up and constant 
F. The force is ap and ine~iug · 
G. Tim force is. up and decreasing 
___ 1 L The coin is snoving upward after it is rdeased.. 
___ 12. The coin is at ics highest point. 
___ 13, The coin is moving downward. 
Questions J 4-21 refer to a toy car wbich · /"A'\·• 
can move to the right or left along a ~. 
horizontal line (the positive part of the 
distance axis). · · Q 
0 + 
Assmne that frictiliri is so small that it @ 
pan be ignored; 
A force is applied to the car. Choose the 
Jlllc force graph (A through II) for each 
statement below whic11 conld allow tl1e /{!\ 
described motion ofthe car to-continue. \..::.,, 
You may use achoice.morethanqnce 
or not atalL Ifyou think that none is 
correct, answer clloice J · 
_14, The car moves toward the right 
(away from the origin) vlith a 
steady (constant) velocity. 
_15. The cads at rest 
_16. The car moves toward the right 
and .is speeding. up at a steady rate 
( constant acceleration). 
I. 7. The car moves toward the left 
(toward the origin) with a steady 
( constant) velocity~ 
_.18. Tbecarmovestoward theright 
and is slowing down at a steady rate 
(constant acceleration), 
19. The oar moves toward the left and 
- is speeding up at a steady rate 
( constant accelcradon ). 
_20, The car moves toww-d the righ:tt 
speeds up and lllen slows down. 
_21, The car was pushed toward the 
right and then released. \V'hich 
graph descnoes 1be force~ 
the car is released. ® 
+ 
F 
0 
r 
,c 
e 
Time 
;];-------
I Time :~----
+ p 
0 
T Oi,.c;;.-------Tirne (; 
e 
+ 
F 
Cl 
r o~------.,,,,.,... 
c Time 
e 
Time 
{I 
r Ol----__;~----,-
Timc 
.e 
e 
+ F 
Q 
r o ....... -----=--c Tim.i: 
e 
Cl) None of these graphs is correct. 
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Questions 22·26 refer to a toy car which can move to the right or left on<a horizontal surface 
along a straight line {the + distffllcc axts), The positive direction is to tho right. 
Q 
0 + 
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Differet1t motions of the car are described beimv. C11oose the letter (A to G) of the acceJentioll-
time graph which corresponds ro the motion of the car described in each statenient 
Yau may use a choice more'than once or not at all. lfyori think thatnone is correct. answer 
choiceJ. · " 
f ~i•i---------"""Time 
.I; 
1 
@ 
nt----------· Tzllle 0 :1 ~ O~'-.---------Tunc 
© n~------nme 
® ~ ;,I 
coi---------TI~ 
,I,! 
1 . 
(1) None of ahese graphs is corrert. 
_22. The car moves toward the right (away from the origin), speeding up at a steady rates 
__ 23. The car mo\'es toward the right1 slowing down at a steady rate. 
__ 24, The car moves tow-ard the left (toward the ongin) at a c:onstfflltvcl~ity. 
25. The car moves toward the lell. speeding:up at a steady rate. 
_26. The car moves toward the right at a c.ansrant velocity. 
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Questions 27 ... 29 refer to a coin. that is tossed straight up into the air, After it is released it moves 
upward. reaches ics highest point and falls back down again. Use one of the following choices 
(A through G) to indicate theaccclerationofthe coin during each gfthestages of the coin's 
motion described below, Take up to be the positive, direction. Answer choice J if you think that 
none is correct. 
A. The acceleration is in the negative direction and consdant 
B. The acccleralioo is in the n,sm v~ di~tion and increasing 
C.. The acceleration is in the ne,s!Uive dire.cti(}tl and decreasing 
D. The acrelerarlon is :zero_ 
E. The acceleration is in the positive direction and constant 
F. The.acceleration is in the positive direction and incre.tsing 
G. .The acreforntion is in the positive direction and decreasmg 
27. The coin is moving upward after it is released. 
.......... 28. 111e coin is at its highest point. 
_29. The coin is moving downward. 
Questions 30..34 refer to. collisions between a car JIDd trucks, For each description of a collisi(}tl 
(30.34) below. :choose the one nti~wer from tlte possU,mu es A though J thiu best describes the 
forces between the car and the truck. 
A. The truck exerts a greater amotmtofforce on the car than the car exerts on the truck. 
B. · The car exerts a greater amount of force on ihe truck than the truck exerts on 1he ear. 
C Neidler exerts a forte on the odler; die car sets srm1shed simply because it is in the ,vay of 
the truck. 
D. 1'he truck exerts a force on the car but the car doesn't exert a force on the truck. 
E. The truck exerts the same amount of force on the car as the car exerts on the truck. 
F. Not enough information.is given to pick one of the ans,vers above .. 
.i. None of the W\Vehffloo~e'.describes the situation correctlyi 
n, (!Ui':S/la11.r 30 1hm113ki2 
lite h11t.'1 Is .Jlllldl Al,,.,..., 
than t/,e car. 
__ JO.. They are both moving at the same speed when they collide_ Which choice describes 
the forces? 
_31, The car is moving much faster than the heavier truck when they collide. Which 
choice describes the forces? 
__ 32. The heavier tmck is standing sttll when the car hit~ it. Which choke describes Che 
fore.es? 
/ir g11estlons P andJ,I tlk 
h11ckis o .1'1.nall pleiup t111d 
Is 1/Je s.tlllld ,w:fth ,1s 1h11 
car. 
_33. Both the truckand the car,are moving at thesm.nespeed when th~}' collide. Which 
choice describes the forces? · · , · 
__ 34. The trookis standing still v.rhen the car hhs it Which choice describes 1he forces? 
Questions 3 5-38 refer to a large 
truckwhich breaks down out on the 
rood and receives a push back to 
tov.,n by a small compact car, 
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Pick one of die choices A through J below which correctly describes the forces between the car 
and the truck for each ofJhe descriptions (3 5..:38). 
A. The force of the car pushing against the truck is equal to that of the truck pushing back against 
the car. · 
B, The force of the car pushing ag.ainst the truck L.:. less than dmt of the truck pushing back against 
thecac . · 
C. The force of the car pushing against the truck is greater than that ofthe truck pushing hack 
against the car. 
D, The cnr's engine is runnin,s so it applies a force as it pushes agrunst th4-l true~ but tho truck's 
engine isn't running so ic can't push back whh a force against the car. 
E. Neitl1er the. car nor the truck exert any force on each other. The truck is pushed forward 
simpl)' beeause it ts ilnhe way of the car. 
J. None of these descriptions is correct 
__ 35. The car is pushing on the truck; but not hard enough to make the truck mo\!e. 
__ 36. The car~ still pushing the truck, is spee4ing up to get to cruising speed 
_37. The car, still pushing the truck, is at cruising speed and continues to travel at the 
umespeed. 
_38. The ear. still pushing the truck, is at cruising speed whim the truck puts on its br.akes 
and causes the car to slow dew•. 
__ 39. Two students sit in identical office chairs focing each 
other. Bob hns n mass of 95 kg, while Jim has a mass 
of 77 kg. .. Bob places bis bare feet mt Jim's: :knees, as 
shown to the right Bob then sudden)y pushes. 
ouhvard with his feet, ~using both chairs to niove. 
In this situation, while .Bob's feet are in eon1act with 
J1m1s knees, 
A. Neithe,r student exerts a force on the. other. Bob Jim 
B, Bob. ex~~ a force on Jim. but Jim, dq~nttexert any force on Bob. 
C. Each student exerts a force on the other, but Jim exerts/the larger force. 
D. Each student exerts a force on tbe other, bufBob exerts the larger force. 
E. Each studeni exerts the sume iUUQuntof force on the other. 
J. Noneofth~seruiswersis·correct .. 
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Questions 4~J refer to a 1oy ~r which can move to the right or left along a horizontal line (the 
positive portion of tl:u.i distance axis), The p0sitive direction is to the right . 
. ·· .. Q 
0 + 
Choose. the correct velocity-time graph (A. - G) for each of the following questions, You may 
use a graph more than once or nout all. lf you think that none is correct, answer choice J. 
_40, 
_4t 
_42. 
_43. 
@ f'.lt,.,~------Ttni-¢ +I V ; t) "-O ______ Tim-o 
® CD 
© © 
© +b==-+ V 
~• ~.~·.· ® •, 0U-rmia 
1 r- T 
.: (!) · None of tlwse. e.mphs is, com:ci. 
Which velocity graph shows the car moving toward the right (away from the origin) at 
. a steridy ( constant) velocity? 
\Vbich velocity ~ph shows: the car revi;rsing direction? 
\\i'hich velocity graph shows the car moving toward me left (toward the origin) 
· at a steady (ronstant)velocity? 
Which vefocity graph shmvs the car increasing its s~wat a steady (constant) 
rate? 
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A sled is pulled up to tho top of a hill The sketch above indicates the shaJ'.1¢ of the hi.It At the 
top of the hill the sled is released from rest and alJowed to c-0ast dmvn the hill. At the bottom of 
the hill the sled has a speed v and a kinetic energy E (the energy due to the s:Jed1s n106on}. 
Answer the foUowing questions: a WR',)' t:4Sejiidio,,llllll;zir~ mso .-.ti tb., t:t111 k IIJIIOrtNl. . . . .. . 
_ 44. The sled is pulled up a steeperhiU of the nme h..:ight as .the hill described above: How 
will the velocity of the sled at the bottom or the hill (after:it has slid down) compare to that of 
the sled atthe bottom of the original hill'! Choose the best answer below. 
A.. The speed at me bottom is greater for the steeper hill. 
D. The speed at the bottom is lhe same for bodi hills. 
C The speed at the oottom is greater for the original hill because the sloo tm,·els further. 
D. There is not enough information given to say whfoh speed at the bottom is faster. 
J. None of these/c.Jescription.s is correct 
_ 45. Compare the kinetic energy { energy of motion) of the sled at the bottom for the original 
hill arid the steeper hill in the previous problem. Choose the best answer below. 
A. The kinetic ~-ne.q;y of the sled 1t1he bottom is greater for the steeper hill, 
D. The kinetic energy ohhe.sled nt the bottom 1s·d1e same for both hills. 
C. 1lte kinetic energy :at the bottom is greater forthe original hilL 
D. There is not enough information given to say whiclt kinetic energy is greater. 
J. None o:f'ti1ese descriptions is correct. . . . 
_,;46, The sfod is pulled up a •iperhill that is Jen steep th.an the original hill described before 
question 44. How does the speed of the sfod at the bottom of the hill (after it has slid do\vn) 
c.omp:are.to that of the sled at the bottom of the origtnal hill? 
A. Toe speed atihebottom is greater for the higher but less steep hill than for the original. 
B. The sp~d at the bottom is the sime for both hills .. 
C. l1ie speed at lhe bottom is greater for the original hill, 
D. There is not enough infomatfon given to say which :speed at the bottom is faster . 
.J. None of these descriptions is correct . . 
46a.. Describe in words }'Our reasoning in nmching your answer to question 46:: (Answer on 
tlte aonrer sheet and use as m.ueh ~-pace as you need) 
... 47, For the higher hiU that is less steep, how does the kinetic energy of the sled at the bottomof 
the hill after it has slid down compare to that of the original hill? 
A The kineticenergy of the sled at the bottom is greater forthe higher but less steep hilt 
R The kinetic ooergy of the sled atthe bottom is die same for both hills. 
C, The kinetic energy at the bottom is greaterfor die original hill. 
D. There is not enough information given to say which kinetic energy is 8feater, 
Y. None of these descriptions is correct 
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Table El 
Newtonian Concepts in the FMCE 
Newtonian Concept Question Number ( correct 
choice) 
1. Kinematics 
Velocity - time graph showing 
constant velocity *40(A), *42(B) 
direction change *41(F) 
increasing velocity ( constant acceleration) *43(D) 
2. Newton's First Law 
with no force 
speed constant 2(D), 5(D) 
3. Newton's Second Law 
Changing force (in proper direction) implies changing 
*20(G) 
acceleration 
Constant force (in proper direction) implies constant l(B), 3(F), 4(F), 6(B), 7(B), 
*16(A), *18(B), *19(B), 
acceleration 
*22(A), *23(B), *25(B) 
Zero net force implies zero acceleration *14(E), *15(E), *17(E), 
*21(E), *2(D), *26(C) 
4. Newton's Third Law 
for impulsive forces 30(E), 3 l(E), 32(E), 33(E), 34(E), 39(E) 
for continuous forces 35(A), 36(A), 37(A), 38(A) 
5. Kinds of Force 
Gravity 
8(A), 9(A), l0(A), 1 l(A), 
as net force 12(A), 13(A), 27(A), 28(A), 
29(A) 
6. Energy 
Potential Energy 44(B), 46(A), 46a 
Kinetic Energy 45(B), 47(A) 
* Question Numbers with an asterisk indicates a graphical interpretation question 
APPENDIXF 
INSTRUMENT FOR SELF-REPORTING INSTRUCTIONAL PRACTICES 
QUESTIONNAIRE (SRIPQ) 
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Research Packet for Thesis Study for Julia Moeller 
Investigating the Effectiveness of Professional Development on 
High School Physics Teachers 
Thank you again for participating in my research study! I appreciate 
your willingness to spend time on this; you are part of a select group that has 
participated in the UNI Physics Institute for two years and has also been 
teaching physics for two years. Analyzing your students' data, (a work in 
progress still!) has yielded interesting results, and your completion of these 
materials will add vital information concerning your own teaching practices 
and achievement as a high school physics instructor. As I am looking 
forward to my own student teaching this coming fall, I also hope to learn 
from you for my own future teaching. 
I am asking you to complete two items in this packet. First, a 
questionnaire concerning your instructional practices and second, a 
conceptual assessment called the FMCE. I chose the FMCE because I was 
hoping you are unfamiliar with this assessment. If you are familiar with it, 
please let me know! 
Concerning the questionnaire, please take your time and answer 
honestly and reflectively. Regarding the FMCE, please take your time with 
this also and please do not use any books or sources of information (as you 
already know!). I would like everything to be returned within two weeks 
that you receive this, but if you need more time, just let me know! 
As I have said before, I am the only person who will be seeing your 
questionnaires and assessments, and your responses and assessment scores 
will be reported in aggregate form (not individually). You will be given a 
code letter and you will only be identified by that code. I will make great 
efforts to make sure your identity will not be revealed or able to be deduced 
from the information provided. 
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After analysis, I plan to tell you your FMCE score and give you the 
compiled assessment scores and questionnaire responses of other 
participants (anonymously of course). If you do not want this information, 
please let me know. Also, if you have any questions, comments, or need to 
contact me for any reason, please email me at Julia@uni.edu or call me at 
319-269-2612. 
Thank you again for participating, I am excited for your involvement 
and glad to be working towards completion of my thesis! I have included a 
small gift of my appreciation for your time, please enjoy! 
Julia Moeller 
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Physics Instructor Survey 
Please take your time reflecting upon your current practices and answer each 
question carefully. Julia Moeller will be the only person with access to your 
name and specific answers. All other persons and published data will only 
reference you with a code number. Hence, I ask that you answer each 
question with complete truth. This questionnaire should take approximately 
one hour to complete. Thank you! 
1. Information about you 
Name: 
Number of physics classes you are currently teaching: 
Type of physics classes currently teaching (please check all that apply): (level, grade, 
etc.): 
0 General Physics 
0 Honors Physics 
0 Other (Please Specify): 
0 Conceptual Physics 
0 Physics A 
0 AP Physics 
0 Physics B 
Number of physics classes you taught last year (2002-2003 school year): 
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Type of physics classes you taught last year (2002-2003 school year): (please check all 
that apply): (level, grade, etc.): 
0 General Physics O Conceptual Physics 
0 Honors Physics O Physics A 
0 Other (Please Specify): 
2. Information about your courses 
0 AP Physics 
0 Physics B 
If you are teaching more than one section/level of physics class, please identify them with 
a code letter (e.g. "H" for Honors, "AP" for Advanced Placement, etc.) and then use the 
code letter in this form when it is necessary to distinguish the different types of data or 
circumstances. For instance, if your answers to a specific question are different for each 
class, please specify. If your courses are substantially different, you may make a copy of 
this questionnaire and answer separately for each physics class. 
In addition, if there are differences between the physics classes you taught last year and 
your current classes, it would be helpful to answer the questions separately for each 
class. However, please make generalizations if you feel all of your classes were fairly 
similar. 
Course length (minutes): 
0 40-45 minutes O 45-50 minutes 050-55 minutes 055-60 minutes 
0 More than 60 minutes or other, please explain: 
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Your Average Estimate of Lab Time/Week (percentage/days assuming a 5-day class 
week): 
D 0-20% / 0-1 days D 20-40% / 1-2 days D 40-60% / 2-3 days D 60-80% / 3-4 days 
D More than 80% / 4 days per week spent on labs or other, please explain: 
Prerequisites for each course ( e.g. science or math classes required): 
Approximate number of weeks of course time devoted to Newtonian Mechanics 
(including energy and momentum conservation) assuming a 36 week (180 day) school 
year: 
D 1-4 weeks 
D 17-20 weeks 
weeks 
D 5-8 weeks 
D 21-24 weeks 
D Other, please explain: 
D 9-12 weeks 
D 25-28 weeks 
Did the course cover most of the material relevant to the FCI? 
D Yes 0No 
Did the course cover most of the material relevant to the TUG-K? 
D Yes 0No 
D 13-16 weeks 
D More than 29 
If the course did not cover relevant material to the TUG-K, was it assumed students 
would know relevant information ( on TUG-K) through prerequisite courses? 
0Yes 0No 
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3. Information concerning the FCI and TUG-K 
Please try to include at least rough estimates of last year's classes. 
2002-2003 School Year 
FCI Pre-test date: 
FCI Post-test date: 
Time given for FCI test: 
TUG-K Pre-test date: 
TUG-K Post-test date: 
Time given for TUG-K 
test: 
2003-2004 School Year 
FCI Pre-test date: 
FCI Post-test date: 
Time given for FCI test: 
TUG-K Pre-test date: 
TUG-K Post-test date: 
Time given for TUG-K 
test: 
To what extent do you think you were able to avoid "teaching to the test(s)" (i.e., going 
over experiments, questions, or problems identical or nearly identical to the test items)? 
D I feel confident I was able to teach concepts and not exact test questions. 
D I covered a few test questions but tried to cover mainly the conceptual information. 
D I taught more test questions, or explained how to do them, than conceptual 
information. 
D Other, please explain: 
Do you think that your students exerted serious effort on the FCI pretest? 
D Yes ONo 
Did you give your students any incentives towards such effort? 
OYes ONo 
Explain if yes: 
Do you think that your students exerted serious effort on the TUG-K pretest? 
OYes ONo 
Did you give your students any incentives towards such effort? 
OYes ONo 
Explain if yes: 
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Did the FCI or TUG-K posttest count as part of the final grade in your course? (if so give 
the approximate weighting factor): 
OYes ONo 
Approximate weighting factor: __ 
Your opinion of the FCI ( e.g. strengths, weaknesses, suggestions for improvement): 
Do you plan to use the FCI in the future with your students? 
D Yes ONo 
Your opinion of the TUG-K ( e.g. strengths, weaknesses, suggestions for improvement) 
Do you plan to use the TUG-K in the future with your students? 
OYes· ONo 
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4. Information concerning your instructional methods 
The following sections have answer spaces that concern your instructional practices both 
before the UNI Physics Institute and after (or currently). Please make a mark in the 
circle to the left if the question/statement applies to what/how you taught before you 
participated in the Institute. Please make a mark in the square if it applies to what you 
are doing currently. 
Please check each that apply, with clarifying remarks if needed; and/or if you think that 
your instructional methods may be more accurately conveyed by a brief paragraph, then 
please write it on the back or another sheet (you may or may not want to also indicate 
detailed responses with X's in the below parts). 
During class, I utilize the following: 
(Before Institute/After Institute or Currently) 
@ D Text material 
@ D Derivation of equations or principles 
principles 
@ D Demonstrate physical principles 
with experiments 
@ D Scientific Method 
@ D Formal written lab report 
@ 
® 
0 
D Graphing 
D Solve problems for students 
D Relationships of physics with other 
strategies disciplines 
@ D Leaming strategies or learning styles 
material/take notes 
@ D Relate physics to everyday life 
@ D Answer questions 
(Before Institute/After 
Institute or Currently) 
@ 0Non-text material 
@ D Illustrations of physical 
@ D Verifying principles 
(\ 
w 
0 
0 
® 
@ 
D Laboratory Technique 
D Error analysis 
D Spreadsheets 
D White-board problem 
solving by students 
• Problem-solving 
@ 0Give outlines of crucial 
@ D Ask questions 
® D Dialogue with students 
0 D Socratic dialogue with students 
I debates 
D Collaborative learning 
0 D Discovery 
@ D Inquiry 
@ D Student guided to construct knowledge 
outcome and then 
perform experiment 
Q D Student-developed experiments 
® D Leaming cycle 
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0 D Student-led discussions 
@ D Student group projects 
@ D Guided discovery 
@ D Student construction of 
knowledge 
@ D Students predict 
0 D Modeling cycle 
@ D Show films or videotape 
For the following sections with scales from "1" to "5, "please circle your answer that 
applies to what/how you taught before the Institute on the left and how you are currently 
teaching on the right. 
On a scale of 1-5, please rate each one by relative frequency with "1 " meaning this is 
something you do not do at all and "5" meaning this is something you do often. Please 
circle only one number. 
In regular class time, I utilize the following: 
(Before Institute) (After Institute/ 
Currently) 
Never ................ Often Never ................ Often 
Note-taking of facts/information 1 2 3 4 5 1 2 3 4 5 
(Teacher directed) student discussion 1 2 3 4 5 1 2 3 4 5 
(Student directed) student discussion 1 2 3 4 5 1 2 3 4 5 
Problem solving 1 2 3 4 5 1 2 3 4 5 
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Equation derivations 1 2 3 4 5 1 2 3 4 5 
Demonstrations/simulations 1 2 3 4 5 1 2 3 4 5 
Collaborative learning 1 2 3 4 5 1 2 3 4 5 
Group activities 1 2 3 4 5 1 2 3 4 5 
Give quizzes or exams 1 2 3 4 5 1 2 3 4 5 
Handouts or worksheets 1 2 3 4 5 1 2 3 4 5 
During lab/activity times, the students: 
Go through a lab with specific, 
outlined procedures 
( one specific outcome is required) 1 2 3 4 5 1 2 3 4 5 
Have a procedure outline, but are 
given freedom to experiment (more than 
one specific result is acceptable) 1 2 3 4 5 1 2 3 4 5 
Students develop their own experiments 
and investigations 1 2 3 4 5 1 2 3 4 5 
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On a scale of 1-5, please rate each one by relative frequency with "1 " meaning you are 
not at all comfortable using this method/material/strategy and "5 "meaning you are very 
comfortable and corifident with the use of this method/material/strategy. 
I am (not confident or confident) using the following instructional methods during regular 
class time: 
(Before Institute) (After Institute / 
Currently) 
Not corifident ... Very corifident Not.. ......... Very 
Giving notes of facts/information 1 2 3 4 5 1 2 3 4 5 
(Teacher directed) student discussion 1 2 3 4 5 1 2 3 4 5 
(Student directed) student discussion 1 2 3 4 5 1 2 3 4 5 
Teaching Problem solving 1 2 3 4 5 1 2 3 4 5 
Teaching Equation derivations 1 2 3 4 5 1 2 3 4 5 
Using Demonstrations/simulations 1 2 3 4 5 1 2 3 4 5 
Using Collaborative learning 1 2 3 4 5 1 2 3 4 5 
Leading Group activities 1 2 3 4 5 1 2 3 4 5 
Giving quizzes or exams 1 2 3 4 5 1 2 3 4 5 
Giving Handouts or worksheets 1 2 3 4 5 1 2 3 4 5 
During lab/activity times, I am (comfortable, not comfortable) giving the students: 
A lab with specific, outlined procedures 
( one specific outcome is required) 1 2 3 4 5 1 2 3 4 5 
A lab with a procedure outline, but with 
Some freedom to experiment (more than 
one specific result is acceptable) 1 2 3 4 5 1 2 3 4 5 
Complete freedom to develop their 
own experiments and investigations 1 2 3 4 5 1 2 3 4 5 
(more than one specific result is desired) 
5. Information concerning special activities: 
Do you participate in the Physics Olympics? 
D Yes D No Why/why not? 
Do you participate in other physics or science competitions? 
D Yes D No Why/why not? 
Do you go on visits/field trips (e.g., museums, amusement parks, universities)? 
D Yes D No Why/why not? 
Do you ever have guest visitors/speakers? 
D Yes D No Why/why not? 
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6. Information about your instructional practices and materials 
Please check each that you use in your classroom (before and after the UNI Physics 
Institute), with clarifying remarks if needed (you may want to also indicate detailed 
responses with X's in the below parts). 
Text [specify author(s), title, edition of the course text]: 
(Before the Institute/Currently) 
Q D Microcomputer Based Laboratories (MBL) (Tinker, Thornton) 
Q D Mechanical Universe 
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Q D Videos, specific ones you use often: _____________ _ 
@ D Workshop Physics (P. Laws, R. Thornton) 
Q D Tools for Scientific Thinking (R. Thornton, D. Sokoloff) 
@ D Real Time Physics (D. Sokoloff, P. Laws, R. Thornton) 
@ D Modeling (D. Hestenes, M. Wells, G. Swackhamer) 
@ D White boards by which students show problem solutions and/or diagrams 
(Wells) 
@ D The Leaming Cycle 
C) 0 PRISMS Materials 
@ D Constructing Physics Understanding (CPU) Activities 
Q D Visual Quantum Mechanics 
Q D Others specific materials (specify): 
@ D Piagetian ideas on student development: 
0 
D Math/Physics Integration 
Q D Traditional methods, explain: 
Problem-solving methods: 
D Specific numerical solutions to problems 
solutions to problems 
0 • General algebraic 
, .............................................................................................................................................................................. _____ .................................... __ 
I Please check only one of the following three responses 
I Which do you feel is most important? 
Q D Facts (more than concepts) 
0 • Concepts (more than facts) 
0 D Facts and concepts about equally 
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' 
1 
......................................................................................................... ____ ........................................................................................................................................... , 
I am (not confident or confident) using the following instructional practices/materials 
during regular class time: 
(Before Institute) (After Institute / 
Currently) 
Not confident ... Very confident Not ............ Very 
Modeling 1 2 3 4 5 1 2 3 4 5 
White Boards 1 2 3 4 5 1 2 3 4 5 
The Leaming Cycle 1 2 3 4 5 1 2 3 4 5 
PRISMS Materials 1 2 3 4 5 1 2 3 4 5 
Computer Technology 1 2 3 4 5 1 2 3 4 5 
Graphing Calculators 1 2 3 4 5 1 2 3 4 5 
Microcomputer Based Laboratories 1 2 3 4 5 1 2 3 4 5 
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Problem solving methods 1 2 3 4 5 1 2 3 4 5 
On a scale of 1-5, please rate each one by level of importance with "J" meaning this is 
something you do not emphasize at all and, "5" meaning this is something you highly 
emphasize. 
I attempt to enhance students: 
(Before Institute) (After Institute / 
Currently) 
Never ................ Often Never ................ Often 
Conceptual understanding 1 2 3 4 5 1 2 3 4 5 
Knowledge of scientific laws and facts 1 2 3 4 5 1 2 3 4 5 
Understanding of the nature of 
knowledge 1 2 3 4 5 1 2 3 4 5 
Critical thinking 1 2 3 4 5 1 2 3 4 5 
Creative thinking 1 2 3 4 5 1 2 3 4 5 
Mathematical abilities 1 2 3 4 5 1 2 3 4 5 
Self-confidence 1 2 3 4 5 1 2 3 4 5 
Questioning of authority 1 2 3 4 5 1 2 3 4 5 
Self-discipline 1 2 3 4 5 1 2 3 4 5 
Knowledge of their own thought 
processes 1 2 3 4 5 1 2 3 4 5 
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7. Information about student behavior 
On a scale of 1-5, please rate each one by level of importance with "1" meaning this is 
something you do not think students should do at all, "5" meaning this is something you 
think students should often or always do. 
I believe that students should: 
(Before Institute) (After/ 
Currently) 
Memorize 1 2 3 4 5 1 2 3 4 5 
Study on their own 1 2 3 4 5 1 2 3 4 5 
Do original research 1 2 3 4 5 1 2 3 4 5 
Drill and practice material 1 2 3 4 5 1 2 3 4 5 
Solve problems 1 2 3 4 5 1 2 3 4 5 
Inquire 1 2 3 4 5 1 2 3 4 5 
Construct understanding 1 2 3 4 5 1 2 3 4 5 
Be guided to construct 
understanding 1 2 3 4 5 1 2 3 4 5 
(Before Institute) (After/ 
Currently) 
Discover 1 2 3 4 5 1 2 3 4 5 
Be guided to discover 1 2 3 4 5 1 2 3 4 5 
Follow instructions 1 2 3 4 5 1 2 3 4 5 
Obey teachers 1 2 3 4 5 1 2 3 4 5 
Ask questions 1 2 3 4 5 1 2 3 4 5 
Be skeptical 1 2 3 4 5 1 2 3 4 5 
Take responsibility for 
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their own learning 1 2 3 4 5 1 2 3 4 5 
8. Information about your special concerns 
On a scale of 1-5, please rate each one by level of importance with "J" meaning this is 
something you are not concerned with at all in your course, "5" meaning this is 
something you are very concerned about and emphasize. 
I am concerned with: 
(Before Institute) (After/Currently) 
Complete coverage of most 
introductory topics in physics 1 2 3 4 5 1 2 3 4 5 
Students' effective us of equations 1 2 3 4 5 1 2 3 4 5 
Providing real-life relevance 
of physics topics 1 2 3 4 5 1 2 3 4 5 
Assessing local, state, and national 
Standards and Benchmarks 1 2 3 4 5 1 2 3 4 5 
Preparing students for: 
College courses 1 2 3 4 5 1 2 3 4 5 
College entrance exams 1 2 3 4 5 1 2 3 4 5 
Standardized tests 1 2 3 4 5 1 2 3 4 5 
State-mandated assessments 1 2 3 4 5 1 2 3 4 5 
Contributing to society 1 2 3 4 5 1 2 3 4 5 
Productive and fulfilling lives 1 2 3 4 5 1 2 3 4 5 
Other (specify) 
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9. Information about your curriculum 
Which of the following statements best describes your physics curriculum? (Please 
choose only one) 
D Chosen by administration or closely follows district standards 
D Follows district standards or other standards but you have freedom to change or 
modify some areas 
DI have complete freedom with my physics curriculum 
D Other, please explain 
On a scale of 1-5, please rate each one by level of occurrence with "1" meaning this is 
something you are do not cover at all in your course and "5" meaning this is a topic that 
you heavily emphasize. 
(Before Physics Institute) (After/Currently) 
Kinematics 1 2 3 4 5 1 2 3 4 5 
"Modern" (post-1907) physics 1 2 3 4 5 1 2 3 4 5 
Forces 1 2 3 4 5 1 2 3 4 5 
Measurement 1 2 3 4 5 1 2 3 4 5 
Momentum 1 2 3 4 5 1 2 3 4 5 
Electrostatics 1 2 3 4 5 1 2 3 4 5 
Electricity 1 2 3 4 5 1 2 3 4 5 
Magnetism 1 2 3 4 5 1 2 3 4 5 
Vectors 1 2 3 4 5 1 2 3 4 5 
Two Dimensional Motion 1 2 3 4 5 1 2 3 4 5 
Science and society 1 2 3 4 5 1 2 3 4 5 
Science and technology 1 2 3 4 5 1 2 3 4 5 
Physics in everyday life 1 2 3 4 5 1 2 3 4 5 
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Environmental physics 1 2 3 4 5 1 2 3 4 5 
History of science 1 2 3 4 5 1 2 3 4 5 
Mathematics and Physics Integration 1 2 3 4 5 1 2 3 4 5 
Integration with other disciplines 1 2 3 4 5 1 2 3 4 5 
Other topics (Please specify) 
On a scale of 1-5, please rate each one by relative frequency with "J" meaning you are 
not at all confident teaching this topic and "5"meaning you are very confident teaching 
this topic. 
I am (not confident or confident) teaching the following topics: 
(Before Institute) (After Institute I 
Currently) 
Not confident ... Very confident Not .......... Very 
Kinematics 1 2 3 4 5 1 2 3 4 5 
"Modern" (post-1907) physics 1 2 3 4 5 1 2 3 4 5 
Forces 1 2 3 4 5 1 2 3 4 5 
Measurement 1 2 3 4 5 1 2 3 4 5 
Momentum 1 2 3 4 5 1 2 3 4 5 
Electrostatics 1 2 3 4 5 1 2 3 4 5 
Electricity 1 2 3 4 5 1 2 3 4 5 
Magnetism 1 2 3 4 5 1 2 3 4 5 
Vectors 1 2 3 4 5 1 2 3 4 5 
Two Dimensional Motion 1 2 3 4 5 1 2 3 4 5 
Science and society 1 2 3 4 5 1 2 3 4 5 
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Science and technology 1 2 3 4 5 1 2 3 4 5 
Physics in everyday life 1 2 3 4 5 1 2 3 4 5 
Environmental physics 1 2 3 4 5 1 2 3 4 5 
History of science 1 2 3 4 5 1 2 3 4 5 
Mathematics and Physics Integration 1 2 3 4 5 1 2 3 4 5 
Integration with other disciplines 1 2 3 4 5 1 2 3 4 5 
Comments about your comfort levels teaching the above topics: 
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10. Information about your assessments 
On a scale of 1-5, please rate each one by level of incidence with "1" meaning this is 
something you do not use at all in your course and "5" meaning this is something you 
frequently utilize. 
Student evaluations for 
Rating teachers I 2 3 4 5 I 2 3 4 5 
Opinions about course I 2 3 4 5 1 2 3 4 5 
Paper/pencil exams I 2 3 4 5 I 2 3 4 5 
Oral exams/questioning 
( individual students) 1 2 3 4 5 1 2 3 4 5 
Oral exams/questioning 
(student groups) 1 2 3 4 5 1 2 3 4 5 
Student portfolios 1 2 3 4 5 1 2 3 4 5 
Student presentations 1 2 3 4 5 I 2 3 4 5 
Student projects 1 2 3 4 5 1 2 3 4 5 
Concept maps I 2 3 4 5 1 2 3 4 5 
Laboratory assessments I 2 3 4 5 1 2 3 4 5 
On a scale of 1-5, please rate each one by relative frequency with "1 " meaning you are 
not at all confident using this type of assessment and "5 "meaning you are very 
confident using this .. 
I am (not confident or confident) using the following types of assessments: 
(Before Institute) (After Institute/ 
Currently) 
Not confident ... Very confident Not .......... Very 
Paper/pencil exams 1 2 3 4 5 I 2 3 4 5 
Oral exams/questioning individuals I 2 3 4 5 1 2 3 4 5 
Oral exams/questioning groups 1 2 3 4 5 1 2 3 4 5 
Student portfolios 1 2 3 4 5 1 2 3 4 5 
Student presentations 1 2 3 4 5 1 2 3 4 5 
Student projects 1 2 3 4 5 1 2 3 4 5 
Concept maps 1 2 3 4 5 1 2 3 4 5 
Laboratory assessments 1 2 3 4 5 1 2 3 4 5 
11. Technology Utilization 
Please check all that you use in your classroom (or available room or lab): 
0 < D Films 
0 D Computers (please check following boxes that apply) 
Number in classroom 
Number available for classroom use (school computer lab for example): 
Age of computer: 
1990-1995 
Operating system: 
D 2000 or newer 
D Older than 1990 
D Windows 
Linux 
D Other, specify ___ _ 
• 1995 -2000 • 
D Macintosh • 
D LabPro Software (If yes, Version: _____________ _ 
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D Graphical Analysis (If yes, Version: _____________ _ 
0 D Excel (If yes, Version: _____________ _,_ 
@ D Computer-based laboratory tools (such as motion detectors) computer/calculator 
C) D Hand-held calculators 
@ 0Hand held graphing calculators 
D Texas Instruments graphing calculators 
D Other brand of graphing calculator 
Model name/make: 
------~--
® D Internet 
® D Other technology utilized, please specify 
Thank you very much for completing this questionnaire; your 
information is vital to the success of this study! 
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Table Fl 
SRIPQ Classroom Instructional Methods Categories 
Class Use oflnstructional Methods Categories 
Text Material Verifying principles with experiments 
Demonstrate physical principles Give outlines of crucial material/take 
notes 
Traditional Solve problems for students Show films or videotape 
Note-taking of facts/information Give quizzes or exams 
Handouts or worksheets (Teacher directed) student discussion 
Derivation of Equations or principles Illustrations of physical principles 
Answer questions Laboratory technique 
non-text material Error analysis 
Medium IE 
Scientific Method Spreadsheets 
Formal written lab report Problem-solving strategies 
Graphing Ask questions 
Problem solving Demonstrations/simulations 
Equation derivations 
Relationships of physics with other disciplines Discovery 
Relate physics to everyday life Inquiry 
Dialogue with students Student guided to construct knowledge 
Student group projects Students predict outcome and then perform experiment 
IE Guided discovery Student-developed experiments 
White-board problem solving by students Student-led discussions/debates 
Leaming strategies or learning styles Socratic dialogue with students 
Student construction of knowledge Leaming cycle 
Collaborative learning Modeling Cycle 
Group activities (Student directed) student discussion 
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Table F2 
SRJPQ Instructional Materials Categories 
Use oflnstructional Materials Categories 
Text Material Specific numerical solutions to 
Traditional problems 
Traditional methods Videos 
Microcomputer Based Laboratories (MBL) PRISMS Materials 
Mechanical Universe Constructing Physics Understanding (CPU) Activities 
Workshop Physics Visual Quantum Mechanics 
IE Tools for Scientific Thinking Other specific materials (specify) 
Real Time Physics Piagetian ideas on student development 
Modeling Math/Physics integration 
White boards General algebraic solutions to problems 
The Leaming Cycle 
Table F3 
SRJPQ Laboratory Instructional Methods Categories 
Frequency of laboratory use Instructional 
Methods Categories 
Traditional A lab with specific, outlined procedures ( one 
specific outcome is required) 
A lab with a procedure outline, but with some 
Medium IE freedom for students to experiment (more than 
one specific result is acceptable) 
Complete freedom for students to develop their 
IE own experiments and investigations (more than 
one specific result is desired) 
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Table F4 
SRIPQ Instructional Beliefs Categories 
Frequency of Instructional Belief Categories 
Enhancing students': Belief that students should: 
Mathematical abilities Memorize 
Traditional Knowledge of scientific laws Drill and practice material 
and facts 
Obey Teachers 
Follow instructions 
Belief that students should: 
Study on their own 
Medium IE 
Ask questions 
Solve problems 
Be guided to construct understanding 
Be guided to discover 
Enhancing students': Belief that students should: 
Understanding of the nature of Discover knowledge 
Critical thinking Construct understanding 
Creative thinking Be skeptical 
Conceptual understanding Inquire 
IE 
Self-confidence Do original research 
Questioning of authority Take responsibility for their own understanding 
Self-discipline 
Knowledge of their own thought 
processes 
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APPENDIX G: MALEKI-THORESEN MATH DIAGNOSTIC 
DIAGNOSTIC TEST 
1. What is the value of x in the expressio~ 
X=p(p+q)+4 
if p = -2 and q = 5? 
a) -2 b) -3 c) 4 
2. Given x + 2 = 2(x - S), what is the value ofx? 
. . 
n) 2 b) 3 c) 4 
8. b's1- - 'fl = ? 
a) 6 b) {6 c) 12 
4. a? - 7y + 2_ = o. y::::. ? 
a) 7/3 or 7/2 b) 7/3 or -7/2 
d) 2 or-7 e) 2 or 1/3 
6. What is the valu~ ofx in the following equations? 
X + 4t:: 2. 
2x-2=t+2 
a) -2/9 b) 2 c) -1/2 
6. Find y ns a function of x from- the following equations. 
2x-t=2 
y-4 = 3t 
n) 
. d) 
y::3x+4 
y = 4- 6x 
b) 
e) 
y = 10-3x 
y=6x-2· 
7. Find z ns a function oft from the followin~ equations. 
12+s=t2 
2s = 3z 
a) 
d) 
z = 3t2 -:12 
z = (2/3)t2 + 24 
b) 
e) 
z = {2/3)t2 -8 
z = st2 + 6 
NAMi:= 
d) -6 
· e) 18 
d) 6 e) 8 
d) {ff e) {fSs 
c) 
-7/3 or 3/2 
d) 4 e) 1/4 
c) Y= 3x + 6 
c) z = (1/3)t2 - 12 . 
. . 
8. For the triangle illustrated, what is p? 
9. 
to. 
u. 
a) . ./2 
d) 10 
b) 
e) 
2 
What is the. slope of the line? 
a) .1 
b) 1.6 
c) 0.7 
d) -1· 
·e) o· 
· 12 x lo' 
= ? 
2 X· 10-2 
n) 6 X io•4 b) 
d) 6 X 10lO e) 
3 7 
- +- = ? 
14 6 
a) 29/21 b) 21/20 
c) 
<1 
I I I l . I io,,-,..~.-.-~-~,-
1 I I t ~ I I I 
I I • I I I v 
I 
! I 
I I 
I I I 
I I I : ..... 
10 'i ,:....s / · 10 
1'•-77., I 
1·1 .V1 I 
I 1.,.. I 1. 
V1 11 
I I I I 
I l l I 
! I· i I I 
I l I I i I 
.10 X 10lQ 
10 X 106 
! 
l 
I 
I I 
I 
I I °75 
i I t 
I I i 
I I I 
I I I 10 
c) 
c) 10/21 
' -
y 
~. I 
I 
I I 
I I 
1 I I ! I I I I 
I I I i l I .I I ,. 
i ! i ! I I I i ! I 
lOx 10·10 
d) 18/49 
J2. Given a = -2, b = 3, c = -6, what is. the value of a (b - c) · + bc2? 
a) -91 b) -79 c> 79 d) 71 
201 
p 
; .. 
e) 5/21 
e) 69 
t3. Solve for y as a function of x from the following equations, treating R, S, and T as constants. 
. . 
Rx- St= .T · 
y = S(St + T) 
a) 
d) 
y=SRx 
y=SRx-ST 
1,>) 
e) 
y:;, S2Rx + ST c) 
y = csRx " s2 - sr2>rr 
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14. · · What is the in.tercept (i.e., the vahie of :,c when .y = 0) of the straigbtJinc through the points 
(x = 6, y = • 1) and (x = 3, y = 2)? . . . · . .· •.· .. . · 
. n) b) 5 
-5 
· 1s. ._What is the length·ofthe unknown side of the·righttriangie i)Justratcd 
.. in terms of p and, q? . . . . . . . 
n) . V4 ~- ../p . .. 
d) .·· 
b) 
b) 
e) 
. e) 
6.4 X 10•3 
-6.4 x.10~4 
e) 
17~ A.tin rind Sue are paini;()rs;. A certain job wilfrequire15 hours if Ann works alone but onlysix 
hours if,Ann and Sue work together. Hqw longwi,ll it take Sue, working alone, to complete the job? •. . . . .. .. .. . . . . 
a) 4.5 h_ours b) 8 ~ours c) e) 11.5 hours · 
18. Cos 60 ==-· __ _ 
· a> o b) 1 c) . .86 ·· · ... d) .. · .5 
eY None of the above. 
".. ' ·. ..• .· ... 
·. ·-... . . : .. · .. '• 
19. (4 :x 106) x (3 x}0-4):::• ? 
. . .· 24 ... 
··.•• a)· 12 X 10~ ·. · · : b). . 1.8 x 1010 c) 0. 76 X 10lO 
d) 
•··. 
75 e) ··· 1200 
a) ·b) . c/a c) . b/c 
d) .. • · ... ···aJl>· . e) b/a: 
2L . · .. Solve for:fhi: th~following equations. ,• . 
2y .5 = z . 
. . Y- 2z= 1 
.. ·-: ', 
.. o) · .. 1 b). . 2 .. ·· .cf. 3 .. · 
. . ' . . . 
22. .• ·.· 3.48 X 105 + 1,26 ii: 104 = •. · ... ? .. 
... 
·. d) .4 
n) 8.6xlofi " b) 4;74x 1o5 . c)··· ···3.6x1o4 
d) ..... 5 1.6 X 10 ···. e) 1.6 xl04 --
c) 
· ... __ · .. ··: .... :., .. ···-... ' 
:2i: ... _y. x·+y:_ 
24,. --+-.--
. . i. . y . 
a) ~ily cx2 + axy ;. i1'>txy_ ··· 
·- . . " . . .·~~ ' . 
-~· 
. d). .2x2+y2; 3xy · .. e) 2~y+x 
26: Wh~tis the picijecti?~ of the 6m fo~gH1.1~ on the x ~dy tUis? 
().1 . x~ ;i~rri,'i:::c- !}'0, ·. . . . . . 
·.b1 · :x:~ ·;5.~~ y;,~"B1n-
CJ X -=:.1.5rn, Y~S.tfrn 
cf) x~~.~tn/Y=.14rn. 
d) . · ,/117 
c) 
2_.2,: .. 
2x -r.J/xy . 
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··. e) ·· 5 
e) 15 
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Maleki-Thoresen Math Diagnostic Answer Key 
Question Correct Answer 
1 A 
2 E 
3 C 
4 E 
5 B 
6 E 
7 B 
8 E 
9 C 
10 D 
11 A 
12 E 
13 A 
14 B 
15 D 
16 D 
17 D 
18 D 
19 E 
20 B 
21 C 
22 A 
23 D 
24 B 
25 B (x = 6cos0, y = 6sin0) 
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Table Gl 
UNI-Pl Participants' Maleki-Thoresen Math Diagnostic Results 
Participant Math Diagnostic Pretest % 
A 75 
B 75 
C 87.5 
D 45.8 
E 54.2 
F 79.2 
G 95.8 
H 66.7 
I 37.5 
J 87.5 
K 37.5 
L 62.5 
*M 95.8 
*N 87.5 
*O 91.7 
Average 71.9 
St.Dev. 20.4 
